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INTRODUCTION

Mater ial properties of the containment media (tuff) and related con-

struction materials associated with individual nuclear events at the

Nevada Test Si te is a vital part of the Defense Nuclear Agency (DNA) nu-

clear test p ro g ram . Mater i al p ro pert i es are pr i m a r i l y  neede d for pur poses

of evaluat ing the potential for successfu l stemming and containment of the

nuclear tests . They are also extensively used in material models designed

to p redict g round mot ion an d wave p ro pagat ion .

This report summarizes the materials testing program conducted by

Terra Tek from Au gust 1976 through September 1977 for DNA Test Command.

The ma in function of the test program was material characterization for

the Diablo Hawk and Hybla Gold events, luff , grou t , concrete , and satura ted

san d were tested . Other mater ia l  eva lua t ions  i nc l u ded measu rement o f me-

chanical an d thermal flow properties of li reconstitute dli tuff . During the

contract per i od , re por ts were pu b l i shed u pon com p l e t i on  of test i ng an d

distributed to designated agencies. This final report includes those re-

ports plus some additional test data not yet distributed . A synopsis (in

some cases , the abstract from the report) of the testing and analysis is

provided as follows :

Diab’ o Hawk Event

T he D iab lo  Hawk even t i s in the conf ig urat ion of the new “two-for- 
C

one concept where two separate nuclear tests are planned in the same main

tunnel. Substantial cost savings will be incurred resulting from common

use of support facilities. Material evaluation focused on structures area

5
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tuff and grout not ing the effects of the nearby Mighty Epic event. Addi-

tionally, media associated with the TRW and Boeing experiments were eval-

uated . The Boeing experiment also required extensive testing of saturated

sand , the medium to be used in fi lli ng a portion of the Boeing drift.

Reports and letters describing the above work are:

• Conta inment Anal ysis

Material Properties for Diablo Hawk Event (TR 77-43)

Material Properties of U12n.1OA DNUG#5 Core Samples

Phys ica l  and Mechan i cal Propert ies of D iab lo  Hawk , luf f  Ma tching

Grout -- ME8-1i

• Structures Properties

Some Material Properties of Diablo Hawk Tuff Associated with the

TRW Experiment (IR 77-95)

• Boeing Ex periment

Hi gh Pressure Mechanical Properties of Lap is Lustre Sand (TR 77-70)

Diablo Hawk Structures luff Material Properties -- Boeing Drift (TR 77-QO)

Hybla Gold Event

The location of the forthcoming Hybla Gold event at the Nevada Test

Site is uni que in that it is located close to a previously executed nuclear

test. Typical site characterization usually assumes that material properties

are reasonably consisten t and predictable within a given geological layer.

This could not be assumed for the Hybla Gol d event. The material (tuff)

surrounding the Hybl a Gold event had been subjected to shock waves from the

previous Dining Car event. The magnitude of the shock waves is obviously

6
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a function of distance from the Dining Car working point. Recent work

completed by Terra Tek for the “two-for one” concept (multi use of common

facili ties ) suggested , although no conclusions could be made because of

a paucity of data , that material properties changes could result from

shock loading or from cavity growth. In either case, i t  was necessary

to characterize the Hybla Gold media as a function of location.

The media characterization included mechanical and physical properties.

Comparisons are also drawn on the effects of the Dining Car event on the

Hybla Gol d media. Additionally, water and air permeability tests were

conducted on pipe concrete , emplaced near the test site.

Reports and letters describing the work are :

• Some Material Properties for the Hybla Gol d Event (TR 77-46)

• Material Properties of U12e.2O luff Overcores

• Water and Air Permeability of Concrete from Hybl a Gold Pipe

Exploratory Drill Hole U12n.11 UG#1

Site exploration is an essential part of the nuclear test program

at the Nevada Test Site . The constant need for new test sites dictates -

continual exploration . Exploratory drill holes are an economical means

of determining site usability for a nuclear test prior to extending

tunnels into an area .

Si te potential can be determined by examining the material properties

of exploratory drill hole cores and comparing results with data from pre-

viously tested sites. This report examines both the physical and mechanical

properties in an effort to evaluate a particular area ’s potential as a

future test s i te .



Mighty Epic Grout (Postshot)

Samples of Mi ghty Epic grout from U12n.10 A , B and C drifts were

tested (postshot) for physic~
1 an d mechanical properties . The properties

were used to compare with those of preshot grout.

Mechan ical tests were performed to determine the longitudinal and

shear wave velocities and uniaxial strain response. The physical pro-

perties measured were the as-received density , grain density , and percent

water by wet weight. Calculated properties were dry density , porosity ,

saturation and air void content.

Residual Stress in Thick-Walled Cylinders of Ash -Fall Tuffs and Tuff Match-
ing Grouts Subjected to Internal Pressurization

Fi eld measurements and calculat i ons in di cate that the rock material

surroun di ng a postshot cavity is noticeably strengt hened by the event . It

is thought that th is strengthening results from the presence of residual

stresses . To investigate this possibility , internal pressurization tests

on thick-walle d tuff and tuff-matching grout cylinders were conducted to

determine whether residual stresses can exist. The report presents the

experimental techniques and test results .

Properties of Reconstituted LIff

In l ight of the fact that nuclear tests are being located closer to-

gether, it is becoming increasingly important to characterize the highly

fractured ma terial (“chimney ” material) near previous test sites. Material

property tests were therefore conducted on tuff material that was crushed

and/or pulverized and recompacted to densities commonly seen in such ma-

terials in the field. Tests included the measurement of physical , mechanical

and thermal flow properties of tuffs of varying particle sizes.

8 
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Reports describing the data are :

• Thermal Flow Properties of Crushed luff (lR 77-48)

• Physical and Mechan ical Properties of Reconstituted luff (TR 77-94)

Stanford Research Institute Grout

Stanford Research Institute conducts experiments in support of the

DNA test program. Commonly, these experiments involve the use of tuff-

matchin g grout. Mechanical and physical properties of these grouts are

determined by Terra Tek to verify the grout properties and to provide data

require d for pred ictive calcula tions . Tests conducted du ri ng th i s con-

tract year are descri bed i n:

• Mater ial Properties of Stanford Research Institute Grout (TR 76-41)

• Material Properties of SRI Rock Matc hing Grout and Mod~fi~~ Gran ite

S imulant
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DIABLO HAW K EVENT

Conta i nment Anal ysis

Material Properties for Diablo Hawk Even t

riaterial Properties of U12n.1OA DNUG~5 Core Sam p les

Physical and Mechani cal Properties of Diablo Hawk luff Matching Grout
-- ME8-11

Structures Properties

Some Mater ial Properties of Diab lo Hawk luff Associated with the TRW
Ex periment

Boei ng Experiment

Diablo Hawk Structures luff Material Properties -- Boeing Drift

High Pressure Mechanical Properties of Lapis Lustre Sand
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INTRODUCT ION

The Diablo Hawk event at the Nevada Test Site is a test of a new

concept -- the two in one concept -- where two separate nuclear tests

are planned in the same main tunnel , U12n.1O. Ground zero for Diabl o

Hawk is located in the main horizontal drift , 500 feet to the portal

side of a previously executed nuclear test, Mighty Epic. Since this is

a new concept, a more thorough characterization is required for stemming

and containment than had been provided for past events . Material pro-

perties were determined in all directions from the Diabl o Hawk working

point to better assess material changes detrimental to successful stemming

and containment that resulted from the Mighty Epic event.

Characterization in the horizontal plane of the working point was

provided by testing cores from 14 short horizontal and vertical drill

holes. The vertical drill hole--UEl2ni’1O-- provided core samples for

testing from above and below the working point. Triaxial compression

tests were conducted on “N tunnel” bypass grout as well as tuff overcores.

The data are presented separately:

Section 1 Horizontal U12n.1OA Drill Holes

Section 2 Vertical UEl2nflO Drill H31e

Section 3 Overcore

Section 4 Grout
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SECTION 1

U12n.1OA HORIZONTAL DRILL HOLE SUMMARY

Several hor i zontal dr i ll holes were emplaced from the Ul2n .1O ma i n

and bypass dr i fts in tunnel bed three ear the Diablo Hawk work i ng poi nt

as shown in Figure 1-1. Material test:ng has been conducted on ash-fall

tuff cores from the following drill holes :

GSCH 1 LLCI 1
GSCH 2 DNRE 1
GSCH 3 DNRE 2
GSCH 4 DNHF 3
GSHF 3 IFRE 2
GSHF 4
GSHF 6,8,9

Physical properties . uniaxial strain measured permanent compaction ,

and ultrasonic velociti are listed in Table 1-1 . Figure 1-2 shows

plots of uniaxial strait -ieasured permanent compaction versus drill hole

footage for selec t dri 1 noles. Curves showing the uniaxial strain test

A

- 2I~C . ~ ~~ 
G~C~ C

~C ’ P0RTAI

- - 
- N Gs,’ , 

~ 1 - GS~ F 4 UI2 14 101) W IN
- - - ‘ f r  - . . 

~•
- _ - . - -

DN~ I 4. L- - 
- - C

~~ ‘ G~~I,2 - 
-

I C I ’  -U . ’~ 10 es f - ~v~- . -
~. - 

- . - - - . - - - IJI?N lc~ RY- I’~ SS

~‘- - “~~~~l1~IC
/. P -

C’C~ F R  ~~,,r 9
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Figure 1- . Location of drill holes in Diablo Hawk area .
(Small cross marks note the location from
which core samples were received and tested)
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Figure 1-2. Measured permanent compaction of selected drill holes
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results--mean normal stress versus volume change and stress difference

versus confining pressure--are contained in Appendix A.

Material properties surrounding the U12n .1OA working point show a

nearly saturated tuff with scattered areas of high air void contents

(i.e. over 2 percent). This trend was also seen in nearby U12n.1O UG#l ,
C 2, and 3 drill holes previously examined by Terra Tek’. These high air

voids , in most cases , can be identified as a function of lithological

beds. GSCH#1 and #2 drill holes at the 50 to 100 foot depths , GSHF#4

drill hole at 20 and 40 feet and drill hole DNHF#4 along most of its

length are such areas showin g above average air void content.

Cycled Uniax i al Strai n Tests

Since the Diablo Hawk working point is close to Mighty Epic ground

zero, shock wave loading effects on the site were of interest. In order

to recognize those effects, it was decided to compare the mechanical res-

ponse of postshot tuffs to the response shown in the second cycle of a

cycled uniaxial strain test.

One might expect that uniaxial strain tests on postshot tuff would

produce results simi lar to the second cycle of a cycled uniaxial strain

test. Specified core footages were therefore subjected to cycl ed uniaxia l

strain tests to 4 kbars. A typical 2 cycle uniaxial strain test is shown

in Fi gure 1-3. Note that the second cycle l oad and unload paths follow

the unload path of the first cycle contributing no additional volume strain.

Also note that the stress difference is significantly l ower during the

second cycle for confining pressures less than 4 kbars. This shallow

failure curve could be a means of recognizing areas subjected to previous

loading (i.e. media surrounding a past event).

25

—‘I-- ~~~~~~~~~~~~~~~~ 
,- -— — _--‘ -_  _ ,- -- ‘-  — - - —_ .



4 CY C L E  2 FOLLOWS UNLOAO
4*14 OF CYCLE I

U IZfl, 104
LL CI $ 1  46 ’

2~~ //

VOLUME CHANGE . AV/ V %

Figure 1-3a. Cycled uniaxial strain test on U12n.1OA LLCI~ 1 core samples——
mean normal stress versus volume change.
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stress difference versus confining pressure .
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SECTION 2

UE12n#1O VERTICAL DRILL HOLE SUMMARY

Ash -fall tuff core samples from vertical drill hole UE12n#1O were

subjected to uniaxial strain tests , physical property and ultrasonic

velocity measurements . The drill hole is located approximately 1000

feet northeast of the workin g point (see Figure 2-1). Core samples were

tested from between 1195 feet through 1417 feet (as measured from the Mesa

surface) in approximately 12-foot increments. This range was selected to

su pp ly data approxima tely 100 feet above and 100 feet below the workin g

point.

Physical property and ultrasonic longitudinal and shear wave velocity

measurements are listed in Table 2-1. Figure 2-2 is a plot of permanent

volume compaction versus drill hole footage for each sample tested . The

un iaxi al strain test curves are shown in Appendix B.

The data show a neirly saturated tuff with scattered areas of high

air void content. A region above the main tunnel elevation (between 1195

through 1241 foot depths) is such an area wi th air void contents over 2

3 

percent.

• UEI2n~~ O

I N
I t
J DIABLO HAWK W. P

SCALE : 500

Figure 2-1. Plan view of Diablo Hawk area showing the UE12n#10 drill
hole from which core samples have been tested .
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TABLE 2-1 
C

Physcial Properties , Uniaxial Strain Permanent Volume Compaction
and Ultrasonic Wave Veloci t ies of UE12n# 1O Tuffs

DRILL HOLE DENSITY (Qm/cC) WATER POROSITY SATIJR1)TION CALC MEAS VELOCITY

~~OTAGE BY WET AIR PERMANENT (km/s ec)
AS - WEIGHT VOIDS COMP.

R~~~IVED DRY GRAIN (%) (%) LONG SHEAR

1195 1.3 1 1,57 2 -1 -’ 111,0 3 3 , 3 3  ‘I4 . v 2 , 2 1 . 3  2, 13 5 1.46

1207 1. 79 1-&’ 1 5 3  ~‘11 .5 ‘ 1 3 , 3  - 1 . 0 1 .0 1 ,1 2,45 1, 37

1217 1 .69 1,23 ~~~ 27 ,1 44 ,9 ‘1, 7 4, 1 2,3 2,19 1 2 5

1230 1,93 1.s€ ’ 2, -:: 4,0 31 ,1 3 , 8 4.1 4 C 3.06 1. 65

1241 1,81 1. 27 - . 4 ’  18, 33 38,o 87...’ 4 .9 1.0 2.30 1.21

125 2 2.00 1, 77 2.  13’ 11 , 6 25.1 02.5 1.8 0.8 3.67 1.82

1, 77 1 .31 2. 45 ,‘ t - . 1 46,5 .I~I, j  0,4 2 , 4 2.93 1.63

1271’ ‘~~~C4 1 . 25 2.50 70,33 41 . S 91. 4 3,5 0,6 2.57 1 .32

1290 1 7 9  1.38 2.4€’ 23,1 43.0 93 ,~3 2.~ 0.3 2.34 1.06

1. 90 1.59 2.40 16. 1 33.8 ~1,8 2.8 0.5 3.51 1.77
1313 1. -’” 1. .~33 2.50 24,2 4 fC ,7 1 4 5  2.5 ---  2.24 0.97

3 C 5  1.83 1,~~i 2.5.1 23,1 44,6 95.0 2 . 2  1,2 1 .96 1.02
1336 1, 75 1.32 2 .31’ 24.7 3 4,5 o7 .0 1.3 1.2 2.45 1.38

1348 1 . 79 1 .36 2 4 C C 23,8 4.1,3 96,1 1. 7 3.3 2.44 1.11

1360 1. 77 1 .3’ 2, 44 2 1 ,5  4 3 , 7 88.3 5.0 1.3 2,54 1.24

1373 1, 75 1.30 2, 4,’ ‘5 1: 4t ,1 9 7 . 1  1.3 1,5 2.43 1.04
1 384 1. ‘ 33 1.79 2. 4 1  ‘33 .5 47 .3 3 9 , 3  0.3 1.3 1. 91 0.99
132~5 1. 7$ 1 ,33 )  2, 42 ‘ 1 1  4’ . 3 1  93.9 2,8 1,0 2,52 1.33

1,83 1. 2.1 7. 1.1 ‘1 . 1’ 41,1 ‘76,1 1.6 2.0 2.50 1.21
14 1”  1 , 5) 1.38 2.4 1  23.2 4 3 , 7 95. 0 2.2 0.9 2,96 1.48

I UEI2n4h O

—_‘- ‘- - - - ---- ----‘— .- . -- ‘—-- -----— _‘——— —,------ _____

I-

_ _ _  • _ _ _ _  _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _

0 ~~~~~~~~~~~~~~~~~ 
_ _ _ _  -_ _ _ _  _ _ _ _ _ _ _ _
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• _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  . • - . • I _ _ _ _
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250 300 1350 1400

FOOTAGE , FT.

Figure 2-2. Comparison of UE12n#1O measured permanent compaction values --
measured permanent compaction versus drill hole footage.
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SECT ION 3

U12n.1OA OVERCORE SUMMARY

Tr iax ial compress i on tests were conducted on test samp les from the

following overcores

GSIS#6
ISS#31
ISS#32
ISS#33
ISS#34

i n  order to determine the elastic moduli for use by USGS (Special l ujects ,

Denver , Colorado) in evaluating ,“: 4’
~~~ stresses2 These tests we~ ‘ per-

formed at three confin ing pressures , 1 bar (unconfined), 34 .5 bars ~500

psi), and 69 bars (000 psi). The Young ’s m oduli and Poisson ratic’C

obtained are listed in Table 3-1. Individual stress-strain curve~ are

shown in Figures 3-1 through 3-6. Fa i lure envelo pes deduce d from the

tests are shown in Figures 3-7 and 3-8. Physical properties are listed

in Table 3—2.

Bo th Youn g ’ s modulus and Po i sson ’ s ra ti o valu es were scaled f

the linear elastic region . For the unconf :ned compression tests , this

was immediately after the initial non—linear stress-strain region associated

with inicrocrack closure . Results showed ~4O percen t i ncrease i n Young ’s

modu li for ISS overcores when confined 1.5 and 69.0 bars . Young ’ s

moduli for GSIS overcores increased ap .ximately ~.OO and 100 percent for

the same respective confining pressur ’ . Po i sson ’ s i os increase d only

moderately from approximately 0.2 to C.3 with in~.re..sec
1 confinin g pressure

for both ISS and GSIS overcores .
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TABLE 3- 1

Young ’ s Moduli and Poisson ’ s Ratios from T riaxia l Compress i on

0
3 

= 1 BAR I 
C

3 

= 34 .5 BARS 0
3 

= 69.0 BARS

Drill Hole /Sample E(KB ) 
— 

v * E(KB ) v E(KB )

ISS#31 #2 30 0.09 I- .01 0.28 .15 ~5 0.22 ± .09

ISS#32 # 1 19 0.20 .03 28 0.24 :~, .02 36 0.20 ~ .02

ISS#33 #2 58 0.26 5 .13 86 0.17 ± .01 82 0.35 ± .05

ISS# 34 #3 19 0.20 s .03 25 0.32 ± .02 27 0.29 ~ .01

GSIS#6 24’ 7 0.22 ± .05 13 0.30 ± .04 22 0.26 ~. .04

GSIS#6 28’ - - - -  14 0.28 ~ .01 22 0.28 .01

* Po is son ’s ratios are from an average of two transverse strain
measuremen ts .

TABLE 3-2

Physical Properties and Ultrasonic Velocities of
U12n.1OA Overcores

DRILL HOLE DENSITY (gm/c c) WATER POROSITY SATURATION CALC MEAS VELOCITY
SAMPL E BY WET AIR PERMMENT h Em/si c)

As - WEIGHT VOIDS COMP(~~~IVED DRY GRAIN 
~~ 

LONG SHEAR

ISS O3 I 02 ISO 1, 48 2.43 18 ‘1 82 7 . 2  --  2.45 1 2 1

1SS~32 ~1 1.80 1. 46 2.45 19 41 83 ~ . P --  2 . 33 0,90

1SS033 2 1.85 1, 49 2.41 20 38 -16 1.6 -— 2, 36 1.35

ISS’34 •3 1.81 1. 45 2,44 20 .323 88 4.9 -- 2.43 1.22

GSIS—6 ‘4 ’  1,82 1, 49 2 45 18 3’) 85 6.0 —- 1, 72 0,67

051516 28’ 1.79 1, 44 2, 46 20 41 85 6.4 -‘ 1, 67 0.75
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Figure 3-1. Triaxia l compression stress—strain curves for ISS#31-2
overcore samples . (*confining pressure given in bars.)
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Figure 3-2. Triaxia l compression stress-strain curves for ISS#32-1
overcore samples . (*Confining pressure given in bars.)
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Figure 3-3. Triaxial compression stress-strain curves for ISS#33-2
overcore samples . (*Confining pressure given in bars.)
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Figure 3-4. Triaxia l compression stress-strain curves for ISS#34-
overcore samples. (*Confining pressure given in bars .
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Figure 3-5. Triaxial compression stress-strain curves for GSIS#6
overcore samples. (*Confining pressure g iven in bars.)
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Figure 3-6. Triaxia l compression stress-strain curves for GSIS#6
overcore samples . (*Confining pressure given in bars.)
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Figure 3-7. Failure envelopes for ISS#31-34 overcores--
stress difference versus confining pressure .
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F i g u r e  3-8. Failure envelopes for GSIS~6 overcores--
stress di f ference versus confin i ng pressure .
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SECTION 4

U12n. 1OA 11N TUNNEL” BYPASS DRIFT SUPERLEAN GROUT SUMMARY

Superlean grout from U12n.1OA “N Tunnel” bypass drift (CS 17+30)

was teste d for physical and mechanical properties . Longitudinal and

shear wave veloci t ies , tr i axia l compress i ve res ponse at confin i ng pres-

sures of 0, 0.5, 2.0 and 4.0 kbars and uniaxial strain response up to a

mean normal stress of 4.0 kbars were determined .

Physical properties and ultrasoni c velocities are listed in Table

4-1. The triaxial compressive data are plotted in Figure 4—1 and the

uniaxial strain response is plotted in Figure 4-2.

Physical properties show the grout to be of relatively low density

an d slightly undersaturated with air void contents near 5 percent. High

shear strenciths , most probabl y due to aging, were app roxima tely twice

t hose of su per lean grouts p rev i ousl y tes ted a t these s tress s tates 1 ’3.

Fa ilures occurred near 30 bars for the unconfined tests and 65 bars for

the confined tests . Volumetric strain during the uniaxial strain tests

ranged from 8 to 9 percent resu L: inq in permanent volume compaction of

4 to 5 percent by volume .
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TABLE 4-1

Physical Properties , Uniaxia l Strain Permanent Volum e Compaction
and Ultrasonic W ave Veloc i t ies of U12n.1OA Superlean Grouts

SAMPLE DENSITY (gm/cc) WATER POROSITY SATURATION CALC MEAS VELOCITY
DESIGNATO BY WET AIR PERMANENT ( u r n / b c)AS- WEIGHT VO I DS COMPR~~~IVED DRY GRAIN LONE SHEAR

1, 7~ 1,30 3 f ~ C~ 2 5 1  50 -9 27 ,7  6,5
2,06

14 1. 75 1.30 2.63 “ . 5 5 0 5  81 ,4 5.8

24 1 . 75  1.28 ~‘ ‘-4 27 .1 51 ‘ 2: , :  4 .1
2 3 1.03

28 1, 74 1, 2-9  7 ,  7 5 ”  s .  
-
, 9)), 4

* The number—letter designation indicates core number—test number.
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Fi gure 4-1. Triaxial compression stress-strain curves for U12n.1OA
“N Tunnel” bypass superlean grout.
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Figure 4-2a. Uniaxial strain tests on U12n. 1OA “N Tunnel ” bypass drift
superlean grout--mean normal stress versus volume change .
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Figure 4-2b. Uniaxial strain tests on U12n.1OA “N Tunnel” bypass drift
superlean grout--stress difference versus confining pressure .
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Uniaxial Strain Curves for U12n.1OA Drill Holes
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stress difference versus confining pressure.
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APPENDIX B
Uniaxial Stra i n Curves for UE12n~1O Vert i cal Drill Hole
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M A T E R I A L  P R O P E R T I E S  OF U12n. 1OA DNUG#5 CORE SAMPLES

71 

- - 
_ _ _

~ 
~~~~~DING PL3Z B J ~~..j~~? ILIaD ~

U- _ ___r~ - 
— -

~~~~~ -4-- -

- -_ _-_~~~~~~~~~~~~~~~~~~~~~~ i~~~~~~~~~~ , C~~~~~~~~~~~~~ ,~~~~~~~ C-~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~~~~~~~ ,.~~~~~~~~~~~~~~~~ ,,rn ~~~~~~~ ,~~,.~~~~~~~~~~ , .~~~~~~~_ _



- ‘  --“-‘-‘-- - - -_- -C-”--—-_ -

U12n .1OA DNUG#5 VERTICAL DRILL HOLE SUMMARY

Ash -fall tuff core samples from vertical drill hole U12n.1OA DNIJG#5

were subjected to uniaxial strain tests, physical property and ultrasonic

velocity measurements . The drill hole was collared at the Diablo Hawk

work ing  point in the U12n.1O main drift . Core samples tested were from

between 12 feet and 99 feet (as measured downward from the tunnel floor)

in approximately 10 foot increments. Additional core samples between the

20 foot through 30 foot depths were tested to i dentify a suspected area

of high air voi d content.

Physical property and ultrasonic longitudinal and shear wave velo-

city measurements are liste d in Table 1. Fi gure 1 is a plot of permanent

volume compaction and calculated air void content versus drill hole foot-

age for each sample tested. The uniaxial strain test curves are shown in

Figures 2 through 5.

Test data indicate a nearly saturated tuff along most of the drill

hole length with an undersaturated region between 20 feet and 25 feet.

Air void content in this undersaturated area is about six percent. Aver-

age maximum stress difference at 4 kbars confining pressure appears to be

around 0.3 kbars .

L 
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TABLE 1

Physical Properties , Uniaxial Strain Permanent Volume Compaction and
Ultrasonic Wave Velocities of U12n.1OA DNUG#5 Tuffs

DRILL HOLE DENSITY (gm/cc) WATER POROSITY SATE.RETION CALC. MEAS. VELOCITY
R)OTA~~ 

BY WET AIR PERNA)~~IT (Km/sec 4F5,/ii c)
AS WEIGHT VOIDS COUP.

~~~ IVED DRY GRAIN LONG SHEARDR UGP5 
_______ _________ ________ _________

12 1.85 1.51 2 ,40 18. 6 3 7 . 1  92.6 2 .7 1 .5 2.98/9776 1.52/4986

16 1 .88 1.55 2.38 17. 4 34 .7 94,0 2.1 2.3 3.17/1040 1.45/4740

19 1. 77 1,44 2.18 18.7 34,0 97 .4 0,9 2.3 2.69/8842 1.58/5187

21 1. 7 3 1 .35  2.36 21.8 42 ,7  88. 4 4 , 9  4 .6  2 .1 2 /6955 1 .06/347 7

24 1.77 1.44 2.39 18.8 39,9 83.4 6.6 5.9 2.32/7618 1.33/4363

27 1. 82 1 .45  2 .38 20 , 4 39 .1 94.8 2 .0  1 . 3  2 .90 /9507 1.35/4438

28 1.81 1 , 4 1 2. 46 22. 0 42.6  93. 4 2.8 1, 8  2. 16/708 6 0.8~/2788

40 1.80 1.39 2 , 4 1  22.7  42. 4 96. 1 1 . 7  1 ,4  2 .5 7/ 8431 1.17/3838

50 1.84 1, 46 2 ,40  20.5 39.0 96.5 1 . 4  1 .6  2 ,85 /9350 1 .25/410 1

59 1 , 78  1.32 2. 43 25. 4 45 .5  99.2 0.4 0.6 2.78/9120 1 .33 /4363

69 1 ,93 1.58 2 .51  18.1  37 .0  94 .2 2 .1  1 .0  2.88/9448 1.39/4560

81 1.94 1.60 2.49 17 ,7 35.9 95.7 1.5 1.4 2.47/8103 1.58/5183

90 1.98 1.69 2 .51  14 .8 32.8 89. 4 3 .5  1 . 6  2 ,92/9580 1.81/ 5938

99 1.89 1 .53  2 .44 19 .0  37 ,2 96 .3 1 .4  0.5 2 .56/8399 1. 47/4822

—

U12n ,  104 • ME AS . P ERM . COMPACTIONZ DNUG#50 A cA Lc .  AIR VOID CONTENT

o 6 6 1z
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Figure 1. Comparison of U12n .1OA DNUG#5 tuff measured permanent
compaction and calculated air void content as a func-
tion of drill hole footage.
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Figure 2a. Uniaxial strain test to 4 kbars confining pressure on
U12n .1OA DNUG#5 tuff samples -- mean norma l stress
versus volume Change.

‘ . 1 \ ‘~ . .  ‘ C . C ‘.1 ~, ‘~~.1” -

Figure 2b. Uniaxia l strain test to 4 kbars confining pressure on
U12n .1OA DNUG#5 tuff samples -- stress difference
versus confining pressure.
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Figure 3a. Uniaxial strain test to 4 kbars confining pressure on
U12n. 1OA DNUG~5 tuff samples -- mean norma l stress
versus volume change.
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Figure 3b. Uniaxial strain test to 4 kbars confining pressure on
U12n .1OA DNUG~5 tuff samples -- stress difference
versus confining pressure .
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Figure 4a. Uniaxial strain test to 4 kbar confining pressure on
U12n.1OA DNUG#5 tuff samples -- mean normal stress
versus volume change .
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Figure 4b. Uniaxial strain test to 4 kbars confining pressure on
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U12n.1OA DNUG#5 tuff samples -- stress difference
versus confining pressure.
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Figure 5b. Uniaxial strain test to 4 kbars confining pressure on
U12n.1OA DNUG#5 tuff samples -- stress difference
versus confining pressure.
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PHYSICAL AND MECHANICAL PROP ERTIES OF DIABLO HAWK TUFF
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Terrc~Tek
September 14, 1977

Mr. 3. W. LaComb
Defense Nuclear Agency
Nevada Test Site
Mercury , NV 89023

Dear Joe:

Enclosed are test results on the Diablo Hawk LOS Drift grouts (ME8-ll).
Six samples , designated

1. 12 + 58.5
2. 12+28
3. 12 + 17
4. 12+06
5. 1 1 +94
6. 11 + 64

were tested for physical and mechanical properties. Material testing con- C

sisted of uniaxial strain tests to 4.0 kbars confining pressure and physi-
cal property and ultrasonic veloc ity measurements.

Test results are listed in Table I. Uniaxial strain test curves are
shown in Figures 1 and 2. Test results show the grout to be slightly un-
dersaturated with -4 percent air voids. Stress difference averaged about
0.3 kbars at 4 kilobars confining pressure.

Also enclosed are average materi’~l property data that you requestedon Mighty Epic structures area tuffs and Diablo Hawk steming area tuffs.
Select physical properties from these areas are listed in Table II for
comparison with the average grout properties . Figure 3 shows the average
uniaxial strain stress—stress curve for each group.

If you are in need of any further data for comparative purposes ,
please give me a call.

Sincerely,
n

~~~~~~~ ‘~L~.~1s~-LD. S. Gardiner
Research Engineer

DSG/jlg

Enclosures

cc: Charles Welch , WES
Cliff Snow, DNA

UNIVERSITY RESEARCH PARK - 420 W A K A P A  
~ 80’ SALT L A K F  CITY . UTAH ~i.1lOP So i l  ~S. 2 : I :N I
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D I A B L O  HAW K
LOS D R I F T  GROUT
M E 8 - I I  3
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Fig ure la . Uniax i al strain test results on D i ab lo Hawk LOS Dr i ft
grout (ME8-ll) - -  mean normal stress versus volume
chan ge.
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Figure lb. Uniaxia l strain test results on Diablo Hawk LOS Drift
grout (ME8-1l) -- stress difference versus confining
pressure .
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Fi gure 2a. Uniax i al stra i n test results on Di ablo Hawk LOS Dr if t
grout (ME8-ll) -- mean normal stress versus volume
chan ge .
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Figure 2b. Uniaxial strain test results on Diablo Hawk LOS Drift
grout (ME8-ll) -- stress difference versus confining
pressure .
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TABLE I

Diablo Hawk LOS Drift Grout

SAMPL E DENSITY (Qm/cc) WATER POPOSITY SATURATION CALC MEAS. VELOCITY
DE SIGNAT I~ 

BY WET AIR PERMANThT (km/ ,ec)
AS- WEIGHT VOIDS COM PR~~~IVED DRY GRAI N 

~~
‘ LONG SHEAR

ME 8-11

1 2 . 1 4  1 . 7 8  3 .01  1 6 . 6  4fl ,9 86 .7  5. 4 4 .8 3.39 1 .90

2 2.16 1.81 2.95 16 .0 38.5 90.1 3.8 5.5 3.33 1 .84

3 2.19 1.80 3.01 17.8 40.1 97.0 1.2 2.6 3.42 1.86

4 2. 10 1. 74 2.92 17. 1 40 , 4 88.6 4 .6 4 ,7 3.37 1 .89

5 2.17 1.81 3.15 16. 7 4/,5 85.1 6.3 3.3 3,42 1.87

6 2.13 1. 78 2.98 ~~~, 7 3 f l 3  88.3 4.7 3.7 3.41 1.85
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TABLE II

Selec t Average Properties of Tuffs and Grou’Ls Rela ting
to the Diablo Hawk Event

1-li ghty EPIC * Diab l o Hawk * Diab l o Hawk
Tuff (Structures) T jf, n _~r~4i Grout (LOS Drift )

As Received Densit y (gm/cc) 1.95 (1.05 1 .91 • 0.07 2.15 0.03

Water Content by Wet Weight (‘ . )  15 .7 ‘ 2.6 18.0 ‘ 2.7 16.8 0.6

Porosity ( )  31.0 7.0 36.7 ‘ 4.0 40.4 ‘ 1.3

Air Voids ( ~~ 1.0 ‘ 0.4 1.6 1.4 4.1 ‘ 1 .1

Ultrasonic Longitudin 4l Velocity (km/sec ) 3.14 0.3 3.07 ‘ 0.4 3.50 ‘ 0.7

* Mighty Epic Tuff - U12n .l0 UG#4 . IIG#6a; see TR 76-63 . pg. 210.
Diab lo Hawk luff - U12n. 10 GSCH#3, DNH FV3

** Air void is the permanent volume compacti on from the uniaxial Strain test.
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SOME MATERIAL PROPERTIES OF DIABLO HAWK TUFF ASSOCIATED
WITH THE TRW E X P E R I M E N T

IR 77-95
October 1977
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SOM E MATERIAL PROPERTIES OF DIABLO HAW K TUFF ASSOCIATED
WITH THE TRW EXPERIMENT

Material property testing of tuffs associated with the TRW experi-

ment was not completed at the time of submittal of this final report.

To maintain continuity , the  repor t , in its ent irety,  w i l l  be published

at a later date when testing is com pleted.
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ABSTRACT

An experiment planned for the Diablo Hawk event in Area 12 at the

Nevada Test Site involves the emplacement of a horizontal column of

saturated sand. A portion of the Boeing drift , located near ground zero,

w i ll be use d to house the san d column . Mechanical test i ng of the saturate d

sand has been conducted to characterize its response under selected stress

condit i ons 1 . This report summarizes the characterization of the Boeing

drift media (tuff).

1. Gar d iner , D. S., Butters , S. W., ‘tHi gh Pressure Mechanical Properties of
Saturated Lapis Lustre Sand ,” Terra Tek Report TR 77—70 , August 1977.
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INTRODUCTION

Mater ial properties of the tuff media surrounding the Boeing drift

at the Diablo Hawk event (Area 12 NTS) are required for pre-test ground

motion calculations. Selected samples of tuff from three specific loca-

tions were characterized : (1) near the working point (GSHFa3 and GSCH#4);

(2) at the working point end of the Boeing drift (PIFF~1); and (3) near

R .S. 400’ in the Boeing drift (PIFFm9). Respective locations of these

drill holes are shown below in Figure 1.

Ma ter i al cha rac ter i zat ion of the tuf f was accom pli she d through mea-

suremen t of both mec han i cal an d phys i cal p roper ti es . Mechanical testing

included hydrostatic and triaxial compression and uniaxial strain tests.

Con fining pressure ranged from 0 (unconfined compression) to 8 kbars .

Physical p ro per ti es measure d were ‘ as received ’ density~ con tent mo i sture

and grain density. Porosity , saturation and air void content were cal-

culate d from the measure d phys ical proper t ies .

N

A

Iv
- C- C- 

ft~8 MaIN D R C F
I ~

~ ~

. W 2 n  ~~~~~8v ’ pA Ss DRI c T

Figure 1. Plan view of Boeing drift and selected drill holes .
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TEST RESULTS

Physical properties and measured permanent compaction (from both hydro-

static compression and uniaxial strain tests) are listed in Table 1. Maxi —

mum s tress di fference dur i ng triax i al comp ression i s p lo tted in the form

of failure envelopes in Figure 2 through 4 for GSHFd3_GSCH :4 , PIFF~1 and

PIFF#9 respectively. Stress-strain curves for hydrostatic and triaxial

compression tests are shown in the Appendix. Uniaxial strain test results

are shown i n Fig ures 5 through 7 as s tress dif ference versus con fi n i ng pres-

sure . Complete uniaxial strain test curves are also shown in the Appendix.

TABLE 1

Phys ical Properties and Measured Pernianent Compaction on
Diablo Hawk Structures Tuff (U12n .1OA )

DRILL HOLE DENSITY (gm/cc) WATER POROSITY SATURATION CALC. MEAS.
FOOTAGE 8’I’ WET AIR PERMANENT

AS- WEIGHT VOI DS COMP.
R~~~ IVED DRY GRAIN (~~) (%)

Hyd.  1,0

PIFF a1 12 1. 04 1 .51 2 . 40 1 7 .8 36.9 88.8 4.1 1) 2.0

P1 FF~ l 20 - ‘  -- -- - -  -- -- - -  4.5 ~~Q

PIFF#9 5 1. 04 1 .52  2. 43 17 .4 37. 4 85.5 5 4  2 .1  1.0

PIFFa 9 6 - -  -- - -  --  - -  -- - -  5 .1 .1 .1

GSH FD3 20 1. 03 1 . 4 ’  2. 40 19.5  38.6 92 . 4 2 . 7  * 9 0  2 .0

GS CHa4  1 1 3  1 .94 1 .6 0  2. 49 1 7 . 1  35.5 93. 4 2. 4 ‘7 .5 2. 1’)

* Hydrostatic compression permanent compaction was obtained by using 3
times the axial strain (transverse strains were not measured). These
high values are not thought to be representative of the ‘~ air void
content since both the calculate d a i r vo id s and the uniaxial strain mea-
sured permanent compaction indicate much l ower values.
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TR IAX IAI.  COMPRE SSION DIABLO HAW K STRUCTURES
FAILURE POINTS lUFF (NEAR WORKING

1.8 - POINT)

GSCI’4 #4 11 3
1 .6 ‘ • G S H F# 3  2O~ /

b I.4 . /
/

- 1 . 2 -  /
P

~~~I.O .

/

~~o.e - , ...
II. _~~~

—

,
0.s ’ ,~

~ •

~~0.4 1
—— —

— •

0.2 1

O I I I

O 2 4 6 8 10

CONFINING PRESSURE , 0~3 ,  K BA RS

Fiqure 2. Tr i ax ia l  compression fai lure points of GSCH:4 an d GSHF~3 tuff
s a m p l e s .  Dashed l i n e s  are e s t i m a t e s  of f a i l u r e  e n v e l o p e s .

TRIAXIAL COM PRESSION DIASLO HAWK STRUCTURES
FAILUR E POINTS TUFF (W.P. END SOl ING

DRIFT)
• PIFF ~~ I 12 ’

.6 - S PIFF #1  20’

b 1 .2 ‘
/ha

u 1 .0 -

I,
~~~0,e //
Ill II
I’.

0.6 7
~~~~O.4 ...— —

~~~~~~ -~~~~

~~ — — — _
..
_

I-
“ 0.2

0 I I I I

0 2 4 6 0 10
CONFINING PR ESSURE . 

~~~ 
K B A R S

Figure 3. Triaxial compression failure points of PIFFi 1 tuff samples.
Dash ed lines are estimates of failure envelopes .
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T R I A X I A L  COMPRESSION DIABLO HAWK STRUCTURES
FAILURE POINTS TUFF (SOl IN G DRIFT

I.e - NEAR R.S. 400 )
S P I F F #9  8~

~ 1 .6 . • PIFF#9 6
(R ECEIVEO UNWRAPPED) I

I
b /WNDERSATU RATCD

1.2 ,/ ~
- 5% AIR VOIDS

hi /
u I.O /

IV /
II. —II. -•
~~~0.6 

— —
.—
.

In — .--.— 
—
,

0.4 — 
— — —

0.2 fr
0 I I I I I

0 2 4 6 8 10
CONFINING PRESSURE , 0~ , KBAR S

F i g u r e  4. Triaxial compression failure points of PIFFu9 tuff samples.
Dashe d li nes a re es t ima tes of failure envelo pes .

UNIAXIAL  STRAIN DIASLO HAWK STRUCTURES
PATHS TUFF (NEAR WORKING

V’ 1.6 - GSHF# 3 
POINT)

4 G S CH # 4
1 .6 -

~~~ I.4

.2

1.0

CONFINING PRESSURE , Q 3P KSARS

Fi gure 5. Uniaxial strain paths of GSHF~3 and GSCH#4 tuff samples.
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UNIAX IAL STRAIN DIABLO HAWK STRUCTUR ES
PATHS lUFF (W.P. END BOEING

In DRIFT)
4

1.6 . 
P IF F # I

~~~~I. 4 .

b I 2 .

:0
CONFINING PRESSURE , 03 1  K BARS

Fi gure 6. Uniaxial strain paths of PIFF~1 tuff samples.

UNIAXIAL STRAIN DIABLO HAWK STRUCTURES
PATHS lUFF (BO EING DRIFT NEAR

U) 1.8 ‘ R .S. 400 ’ )

i.e - P I F F # 9

1 .4 -

1 .2 -

IV
o 1.0
z
IV

~ 0.8

0 2 4 6 6  10
CONFINING PR ES S U R E , O~ , KSA RS

Figure 7. Uniaxial strain paths of PIFF#9 tuff samples.
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DISCUSS ION

Test rcsul ts show , as ex pec ted , the sca tter in tuff res ponse for sam-

p le s from the var i ous core holes . Percenta ge a i r vo i ds var ied from sam-

p le to samp le even though they were taken from the same app rox imate loca-

tion. Also, triaxial compression failure points fall both below and above

the un iaxial strain path. Since the triaxial compression failure strength

shoul d always be above the stress-stress curve generated by the uniaxial

s train curves , this is further evidence of the tuff scatter.

With regar d to the fa i lure surface , the data up to the 4 kbars con-

fin i ng pressure i s typi cal of prev i ous resul ts2. That is , shear streng th

increases by factors of 2 or 3 wit ri increased confining pressure up to

about 0.2 kbars. From -0.2 kbars to 4 kbars , the increases in shear

streng th are much less d rama ti c , on the order of 20-50 percent. From 4

to 8 kbars confining pressure , howeve r , the shear strength again shows

subst antial increase s with increasing confining pressure (i.e. based on

data points at 4 and 8 kbars confining pressure).

Although the reasons for this behavior are not completely understood ,

it i s thought that the pore p ressure an d hence the effec ti ve s tress p lay

an important role . That i s , at the low confining pressure (0 to -0.2

kbars), the ma ter i al matr i x su ppor ts a substantial amount of the stress

due to the confining pressure , resul ting in low pore pressure and high

effective stresses. At the intermediate pressures (0.2 to 4.0 kbars ) the

2. Butters , S. W., Dropek , R. K., Jones , A . H., “Ma terial Properties of
Nevada Test Site Tuff and Grout with Emphasis on the Mighty Epic Event ,”
Terra Tek Report TR 76-63, November 1976.
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rock matrix is breaking down and the pore p ressure increases w it h the

confining pressure , result ing in ver y litt le i ncrease i n the effec ti ve

stress over th is confining pressure range . At confining pressures above

app rox imatel y 4 kbars , the rock ma trix has collapsed to the point where

it again begi ns to carr y an i ncrease d percenta ge of the add ed stress and

the ef fec ti ve s tress i ncreases ra pid ly as a function of the con fin i ng

p ressure .

The above reasonin g woul d appear to expl ain the increase i n shear

strength above 4 kbars confining pressure . The uniaxial strain path is

expected to show similar increases . Future tests at confinin g pressures

above 4 kbars should include pore pressure measurements.

i

— -.--—- . 
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0.2 U l2 n . I O A
PIFF U 9

U)

4

T\~JJ~i/T0
TRANSVERSE .E , % I

~
X I A L , E

~~,
%

STR A I  N

Figure Al . Unconfined compression test on U12n.1OA PIFF~9 tuff --
stress versus axial an d transverse strains.

U 12 n. I OA
0.2 PIF F* 9

4 6

TRANSVERS E , E ,% A X I A L , e •%T a
STRAIN

Fi gure A2 . Unconfined compression test on U12n .1OA PIFF~9 tuff --
stress versus axial and transverse strains .
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I I

0.3 UI2~~ j O~
G S H F ~~ 3

20

TRANSVERSE , E , , °/. A X IAL , 
~~* ‘ ~~~~

STRA IN

Figure A3 . Unconfined compression test on U12n.IOA ~SHF4~3 tuff --
stress versus axial and transverse strains.

T~ J 1
U i 2 ~ b A
G S C H I4 ~~

I I .~

4-0 2

TRANS VERSE , E . % AX IAL
~~~~~, %
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Fi gure A4. Unconfined compression test on U12n .1OA GSCH#4 tuff --
stress versus axial and transverse strains.

9 9

_ _  
. -



0.3 U 12 n. IOA
PIFF * I

2

02

b 
~

0
’
S 0 1 0

TRANS VERSE . , AXIAL ,

STRAIN

Fi gure A5 . Unconfined compression test on U12n.1OA PIFF~l tuff --
stress versus axial and transverse strains .

0.3 U I 2 n I OA
PIFFf l

b 0.1
(fl
U,
Ui

I-
U,

I I  I

0 5  0 0
T R A N S V E R SE , E . % A X I A L . €~~. %

S T R A I N

Figure A6. Unconfined compression test on U12n.1OA PIFF#l tuff --
stress versus axial and t ransverse strains.
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1J12n. 04 U)
P I F F* 9
5 0

z ~-0.3 03 -4.O KBARS

4
TR A NSV ERSE , 6T .% ST RA IN A X I A L . E4 ,%

Figure A7 . Triaxial compression test at 4 kbars confining pressure
on U12n .1OA PIFF~9 tuff -- stress difference versus
axial and transverse strains.

U1 2n.  b O A  15 Cr
G S H F * 3

U
Z -~~o cT~~4 . 0 X B A R S
Iii
Cr
w

4
TRANSV E RSE , € T ,% STRA IN A X I A L .€ a ,%

Figure AB. Triaxial compression test at 4 kbars confining pressure
on U12n.1OA GSHF#3 tuff -- stress difference versus
axial and transverse strains.
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U12n . IOA
P I F F* I

20

0,

~ 0.5
6 ~ 3.4.0 KBARS
Ui
I-)z
Ui

~~~0.3

7
0.1

I I I

2 I 0 I 2 3 4
TRANSVERSE , C T  , % STRAIN A X I A L . ~ A .

Fi gure A 9. Tr i ax ial compress i on test at 4 kbars confin i no oressu re on
U12n.1OA PIFF~1 tuff -- stress difference versus axial and
transverse strains.

U 1 2n . OA b
GSC H o t  03.4.O X8ARSb

Ui -o ~U
z
Ui

Ui
U. ~~U. x
~~ 

.
~~~ 4

C’,
Ui

C-
Ci,

(0
~

__J I I I I I
2 0 2 3 4 3

T RAN SV ERS ~~,~~T , /. STRAIN A X I A L . ~~A . %

Figure MO. Triaxia l compression test at 4 kbars confining pressure on
U12n.1OA GSCH#1 tuff -- st ress difference versus axial and
transverse strains.
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U12n.  b A  o .e
PIFF *9
6 ’

b • o. ~
5 a3-4.O KBARS

____________ 
Ui -0.6 

_________

4 

- 0 1

TRANSVERSE . E~ .%  STRAIN A X I A L , E~~. /.

Fi gure All. Triaxia l compression test at 4 kbars confining pressure
on U12n .1OA PIFF#9 tuff -- stress difference versus axial
and transverse strains .

UI2n .  b O A
PI F F* I
12

ui u,
Z 

~ 0 .4.O K BA RS3

TRANSV E RSE , E1 , %  STRAIN A X I A L . C 6 , %

Figure A12. Triaxia l compression test at 4 kbars confining pressure
on U12n.1OA PIFF#1 tuff -- stress difference versus axial
and transverse strains .
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8 KBAR HYDROSTATIC AND TRIAXIAL COMPRESSION TESTS
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(1) 8
U12n. 104

4
- GSHF #3 20’ //

b

Cr

lU

~~~3 .
0.

z 2

AXIAL  STRAIN , EA .  %

Figure A1 3. Hydrostatic compression test to 8 kbars confining pressure
on U12n .1OA GSHF~3 tuff — -  confining pressure versus axial
strain .

(1) 2.0
U12n. 104
G S H F # 3  20 ’

N , I 5  .

~~~

I. 0 .  7
~ 0.5

U) 0 
0 

0 :8.O KBARS

AXIAL STRAIN , EA C  %

U12n.1OA GSHF#3 tuff -- stress difference versus axial strain.
~~ Figure A14. Triaxial compression test at 8 kbars confining pressure on
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Cr U12n. 104
4
~~~ ~

‘ - GSCH #4 113

• //b //
Cr

~~~ 3 .

~~~~
I .

0
U 0 _ 

I 1

0 I 2 3 4

A X I A L  S T R A I N , E4 ,  °‘°

Figure A15. Hydrostatic compression test to 8 kbars confining pressure
on U12n .1OA ciSCHo4 tuff -- confining pressure versus axial
strain.

U, 2.0
UI2n. 104
GSCH #4 113

‘~‘ I S  cT:8.0 KBARS3

AXIAL STRAIN , EA •  °“~

Figure A16. Triaxial compression test at 8 kbars confining pressure on
U12n. 1OA GSCH~4 tuff —- stress difference versus axial strain.
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U,
8

Cr U12n . 104 I
4 7 I

PIFF *9 5 /
b

Ui 5
Cr
D

Ui
Cr
0.

z 2 -
z

I -2
0
U 0 I I

0 I 2 3 4 5

AXIAL  STRAIN , eA ’  °‘°

Figure A17. Hydrostatic compression test to 8 kbars confining pressure
on U12n.1OA PIFF~9 tuff -— confining pressure versus axial
strain.

U12n. 104
PIFF#9 5’

b 1.5 - 
03 8.0 KBA RS

b’

Ui
1.0 •

UI
6 0.5~~ ______

_ _ _ _

AXIAL  S T R A I N , EA .  %

Figure A18. Triaxial compression test at 8 kbars confining pressure on
U12n .1OA PIFF#9 tuff -- stress difference versus axial strain.
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Cr UI2n. 104 II
4 II

PIFF #9 6 ’ //
b

Cr

Ui
Cr
0.

z
Li~z
0
~~ 0 I I I

0 I 2 3 4 5

AXIAL  STRAIN , EA ,  °‘~

Fig ure A 19. Hydrostat i c compress ion test to 8 kbars confinin g pressure
on U12n .1 OA PIFF~9 tuff -- confinin g pressure versus ax i al
strain.

UI 2ri. 104 
G~~8.0 KBARS

P I F F # 9  6

AXIAL  STRAIN , E4 ,  %

Figure A20. Triaxial compression test at 8 kbars confining pressure on
U12n .1OA PIFF #9 tuff -- stress difference versus axial strain.
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Cr U12n. 104 7/
4 II
~ PIF F #I  12 //
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U ; 5 .
Cr
( 1 ) 4 .
U,
Ui
Cr
0.

2

~ I -2
0
L) 0 I I I I

0 I 2 3 4 5

AXIAL STRAIN , EA ,  °‘~

Figure A2 1. Hydrostatic compression test to 8 kbars confining pressure
on U 12n.1OA PIFF~1 tuff -- confining pressure versus axial
strain.

~~ 2.0
UI2n. 104

bE
PIFF#l 2

Y 8.0 KBARS

~~~L 5 -

A X I A L  S T RA I N , EA I  %

Figure A22. Triaxial compression test at 8 kbars confining pressure on
U12n .1OA PIFF~Il tuff -- stress difference versus axial strain.
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A X I A L  STRAIN , EA I  °“°

Figure A23. Hydrostatic compression test to 8 kbars confining pressure
on U12n.1OA PIFF:: 1 tuff -- confining pressure versus axial
strain.

w 2.0
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- cY:8.0 KBARS

b 1 .5

b

Ui
0 1 .0

/
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A X I A L  S T R A I N , E4 .  °“°

Figure A24. Triaxial compression test at 8 kbars confining pressure on
U12n .1OA PIFF~l tuff -- stress difference versus axial strain.
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UNIAXIAL STRAIN TEST TO - 8 KBARS
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- GSHF #3 20’
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(1 )4 .

Cr
0
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2

Ui

0 L I I I I I

0 I 2 3 4 5 6 7 8 9

VOLUME CHANG E , ~ V/  %V0

Fi gure A25. Uniaxial strain test to 6.5 kbars on U12n .1OA GSHF~3 tuff --
mean normal stress versus volume chan ge.
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GSHF #3 20’
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Uz 1.0

• CONFINING PRESSURE , o~~, KBARS

• Figure A26. Uniaxial strain test to 6.5 kbars on U12n .1OA GSHF#3 tuff --
stress difference versus confining pressure.
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U12n. b A

G S C H# 4  113 ’

0 1 2 3 4 5 6 7 8 9

VOLUME CHANGE , 
~

V/v0

Figure A27. Uniaxial strain test to 7 kbars on U12n.IOPI GSCH~•4 tuff --
mean normal stress versus volume change.
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U12n. 104

GSCH #4 113

1 .5

14

1 . 0 •

CONFINING PRESSURE , o~ , KBARS

Fi gure A28. Uniaxial strain test to 7 kbars on U12n .1OA GSCH#4 tuff --
stress difference versus confinin g pressure .
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(1)
Cr

U12n. 104

~ 7 - PIFF #1  12 ’

0.6 -

VOLUME CHANGE , AViv0

Fi gure A29. Uniaxial strain test to 6 kbars on U12n .1OA PIFF~1 tuff --
mean norma l stress versus volume change.
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4 U12n. 104
bE

PIFF #1  2’
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CONFINING PRESSURE . O 3~ XBARS

Figure A30. Uniaxial strain test to 6 kbars on U12n .1OA PIFFb 1 tuff --
stress difference versus confining pressure .
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VOLUME CHANGE , AViV0

Fi gure A31. Uniaxial strain test to 6 kbars on U12n .1OA PIFF~1 tuff ——
mean normal stress versus volume chan ge.
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Figure A32 . Uniaxial strain test to 6 kbars on U12n.1OA PIFF#1 tuff --
stress difference versus confining pressure.
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Fi gure A33. Uniaxial strain test to 7 kbars on U12n.1OA PIFF#9 tuff --
mean norma l stress versus volume change .
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Figure A34. Uniaxia l strain test to 7 kbars on U12n.1OA PIFF~9 tuff --stress difference versus confining pressure.
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Figure A35 . Uniaxial strain test to 7.5 kbars on U12n. 1OA PIFF~9 tuff --
mean normal stress versus volume change .
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Figure A36. Uniaxial strain test to 7.5 kbars on U12n .1OA PIFF~9 tuff --stress difference ve rsus con f ini ng pressure.
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HIGH PRESSURE MECHAN ICAL PROPERTIES OF LA PIS LUSTRE SAND

TR 77-70
Septem ber 1977
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HIGH PRESSURE MECHANICAL PROPERTIES OF LAPIS LUSTRE SAND

Laboratory testing of Lapis Lustre sand is all completed with the

exception of,a few additional tests for documenting the actual field

emplacement of the sand. The report will therefore be published unon

completion of those remain i ng tests.
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HYBLA GOLD EVENT

Ma ter i al Pro pert ies for the Hyb la Gol d Even t

Ma teri al Properti es of U12e.20 Tuff Overcores

Water and Mr Permeab il ity of Concrete from Hyb l a Gold Pipe
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MATERIAL PROPERTIE S OF NEVADA TEST SITE TUFF

AND GROUT -- WITH EMPHASIS ON THE DIABLO HAWK

AND HYBLA GOLD EVENTS

November 1977
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ABSTRACT

The location of the forthcoming Hybla Gold event at the Nevada Test

Site is unique in that it is located c lose to a previously executed nu-

clear test. Typical site characterization usuall y assumes that material

properties are reasonably consistent and predictable wi thin a given geo-

logical layer. This could not be assumed for the Hybla Gold event. The

material (tuff) surrounding the Hybla Gold event had been subjected to

shock waves from the previous Dining Car event. The magnitude of the

shock waves is obviously a function of distance from the Dining Car work-

ing point. Recent work completed by Terra Tek for the ‘ two-for-one”

concept’ (multi use of common facilit ies) suggested , al thou gh no con-

clusions coul d be made because of a paucity of data , that material pro-

perties changes could result from shock loading or from cavity growth . In

either case, it was necessary to characterize the Hybla Gold media as a

function cf location.

The media characteri zation include d mechanical and physical properties .

Comparisons are also drawn on the effects of the Dining Car event on the

Hybla Gold media.
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INTRODUCTION

The forthcomin g Hybla Gold nuclear event at the Nevada Test Site re-

quired , as for past events , material characterization and hence a material

mo del , for predicting stemming and containment. However , the Hyb la  Gold

confi guration was unusual for two reasons: 1) the Hybla Gold working point

and drifts were within 300 feet of a previous event (Dining Car) and 2) the

Hybla Gol d even t was ex pecte d to behave di fferentl y than the “stan dar d” DNA

horizontal line-of-sight-pipe event. The Hybla Gold characterization was

there fore con ducte d wi th cons i derat ion g iven to these unusua l cond i t i ons .

Material properties have been determined on pre-Dining Car core sam-

ples from a single vertical drill hole located approximately 350 feet

southwest of the workin g point and on post -Dining Car core samples (i.e.

Hybla Gold samples) from several drill holes located in the horizontal

plane of the U12e.20 main and auxiliary drifts .

Tests were conducted on core samples from the following drill holes :

UE 12e#1 (vertical from Mesa top) Pre Dining Car

U12e .18 DNRE#1

U12e .2O UG#1 , 2, 3 Hybla Gold
(Post Dining Car)

U12e.2O HF#1 , 2, 3, 4, 5, 6, 7, 8, 9, 1OA

The rela tive locations of these drill holes are shown in Figure 1.

Site characterization was accomplished by determination of mechanical

properties (i.e., a combination of uniaxial strain and triaxial compression

tests ) and measurement of physical properties and ultrasonic longitudinal

and shear wave veloci t ies.  Select core sam p les were also s ubjected to
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tensile tests, gas flow tests, Atterberg Lim it (plasticity ) tests and

scanning electron m icroscopy in order to more completely characterize spec-

ific locations of interest.

HF ~
HYBLA GOLD

.7 WORKING POI N T
1/
N ~~

~ 1 •

P R E V I O U S  I
DINING CAR U
WORKING POINT HF 2 - .~~ 0 EI 2 e .

HF 3 - - TO PORTAL
I ___________________

— 

~~~~~~~~~~~~~~~~ r LJI2e. 8 MAIN DRIFT

— BYPASS DRIFT

— —

— — — — SCALE F I

Figure 1. Plan view of the Hybla Gold tunnels and selected dri ll holes

Data is presented in graphic and tabular form with written discussion

by sect i on as shown below :

Section I Site Evaluati on Tests

Section II Select Miscellaneous Tests

Section III Comparison of Dining Car and Hybla Gold
(Post-Dining Car) Material Properties
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SECTION I

SITE EVALUATION TESTS

H UE12e#1 Vertical Drill Hole (Pre-Dining Car)

In order to evaluate the effects of the Dining Car event on the Hybla

Gold media , it was necessary to establish Dining Car material properties .

For select properties , this had been accomplished wi th a number of tests

on pre-Dining-Car core samples ,2 however, tests on UE12e#1 core samples

were required to address properties such as porositi es, permeabilities ,

shear strengths and ultrasonic velocities over a greater cross-section

of the conta i nment media.

The UE12e#1 vertical drill hole penetrates the horizontal plane of

the U12e.2O drift approximately 350 feet southwest of the Hybla Gold work-

ing point (see Figure 1). The drill hole was collared on top of the Rainier

Mesa. Cores were tested over the interval 241 feet through 1248 feet,

therefore, giving a cross-section of the bedding planes above the main

tunnel . Physical property measurements included densities , total and

effective porosities and permeabilities . Mechanical properties were ob-

tai ned via tension , triaxial compression , and uniax ial strain tests.

Ultrason ic longitudinal and shear velocities were also measured .

Physical properties , ultrasonic velocities , and uniax ial strain mea-

sured permanent compaction are listed in Table 1. Uniaxial strain measured

permanent compaction is plotted versus drill hole footage in Figure 2 (the

uniaxial strain test curves are shown in Appendix A). Triaxial compression

failure points are also shown in Figure 2 for each drill hole footage.

Triax ial compression stress-strain curves are shown in Appendix A. Young ’s

• moduli (from triaxial compression tests) and tensile strengths are l isted

in Table 1.
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TABLE 1

Physical Properties , Uniaxial Strain Measured Permanent Compaction ,
Young ’s Modul i , Tensile Strengths , and Ultrasonic Longitudinal

• and Shear Wave Veloc ities of UE12e#1 Tuffs

DENSI TY (nm/cc) W AT E R [ F F E C T I i l  A l L  • ‘1 A .~ •BY WE T • sos ~ j p  l ’1nA ,i ’ ‘ C  , .  ~~~~~~~~~AS. • A l I ’ ’ P2 60’,I • • ‘ ‘  A T .  k1~ u , 
• • •F~~TAGE RECE1VED

_~_ 
DRY GRAIN • 

• 
• 

• • 1 , • , , ‘. f 3~

241 2 .2 5  2 1 3  2.50 5 . 5  • l’~ : 82 1 0.1 ‘~ ‘10 ‘~~3 • 1

298 16 6  1 3 6  2. 43 114 1 4 9 4 4  3 • I 3 . ’1 4 ~~~~

400 1.19 I 4 . ‘ 5 ’  .‘o .~ 4 1  C. “ 1 5 4 C 1 — - • C

489 1.56 1.25 2 3’1 20 .1 4 9  I 45.2 ‘~~ 13 . 0 . 7  ‘ iOU • 0

644 1. 85 1.62 2 4~ 7 2 14 .9 3 3 . I  ‘~~ 1. ’ . .  43 71 :4

o93 1.76 I A :  2.50 19. 1 A i M  A : ~~ 1 F ‘H C 4171

801 1. 78 1 4 4  2 .6 1  19. 8 4’ .3 .1 3 71 . 14 3 4 . 0 4 4 .  ,‘~ 3 3 7

‘104 1.82 1 4  / 4 1 20. 3 1 •5~~
. ‘1 . . 4 C : 1~ .

lOLl 1 1 3  1 .64 1 / 6 0 1 1 C C. ‘ 4 4 3  4 ’  0 ‘ • 4  ‘ 7

1100 1.9 1 1.62 I . ~s 3 3 4 . 1 ‘i C’ .: 4 : 64  3 ‘ U

1,’21 1 1 4 2  l A l  7 4~ ‘ 14  Au 3 4 ’ . .: 5 - ,
~ 

• .  0 7 • )  0

174 14 HE 1. 71 2 . 43 12. 7 - : : .  ‘ :~~l H 1

a! I I
15 — -~~~~ -~~~~~~~~~~ UE l2 e~~I

S
I- b
o •
4 b’

- • —-.t-_ .- ---. . • • +.- • - • .1- -- .• . • ._ -

0

• Ui• I
Ui

0~~

I

0 200 400 600 800 000 1200

DRILL HOLE FOOTAGE , FT.

Figure 2. Selected data from UE12e#1 core samples --uni axial strain
permanent compaction and triaxial compression failure points.

• Uniaxial strain measured permanent compaction

A Triaxial compression (03 =0.069 kbars ) failure points
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Examinat ion of the data reveals that the region between 298 feet and

904 feet is a region of high air void content (up to 10 percent by volume

• in places) with average shear and tensile strengths of 0.2 kbars and 0.7

bars , respectively. Cores tested below this region exhibited higher com-

pressive and tensile strengths (0.5 kbars and 13.5 bars average) and air

voids under 2 percent with two exceptions . Material property variations ,

as just described , have been encountered in other vertical drill hole sam-

pies and are , for the most part , attributed to changes in lithology .

LJ12e.18 DNRE#1 Drill Hole (Post-Dining Car)

The U12e.18 DNRE#1 drill hole is a re-entry hole into the Dining Car

area . Physical properties , uniax ial strain measured permanent compaction

and ultrasonic longitudinal and shear wave velocities are listed in Table

2. Uniaxia l strain test curves are shown in Appendix A.

TABL E 2

Physical Properties , Uniaxial Strain Measured Permanent Compaction , and
Ultrasonic Longi tudinal and Shear Wave Velocities of

U12e.18 DNRE#1 Tuff

DRILL HOLE DENSITY (gm/cc) WATER POROSITY SATURATION CALC MEAS. VELOCITY

~~0TAGE BY WET AIR PERMANENT (Km/se c )
AS- WEIGHT VO IDS COMPRgZIVED DRY GRAIN 

~~~~~~

‘ LONG SHEAR

1J12e . (8
DNPEI1

40 1 . 9 7  1 . 6 4  2 . 5 2  1 6 . 7  34.9 94.3 2 0  1.0 2.72 1.29

69 L80 1. 40 2 .49 22.5 44 .0 92.1 3.5 2. 4 2.24 1.13

81 1.87 1.49 2 4 4  20.1 38.9 96.7 1.3 0.8 2.38 1.19

101 1.89 L53 2.51 19.2 39.2 92.7 2.9 1.1 2.67 1.41

122 1.89 1.5~ 2.50 19.6 39.3 94.2 2 3  1.0 2 1 1  1. 43

146 1. 79 1. 40 2 . 47 22.0 4 3 . 5  90.6 4 .1  2. 7 1. 70 --

169 1.77 1.33 2.47 24.6 4 6 0  94 .7 2. 4 1.2 -- - -
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Some changes were apparent from the properties established pre Dining

Car. The stress-stress response duri ng uniaxial strain loadings are

“shallow ” (shear strength is considerably l ower than normal at confining

pressures under 4 kbars) much like the second cycle curves of the two-

cycle uniax ial strain tests conducted on Diablo Hawk tuffs .3 Also noted

are considerable decreases in the ultrasonic velociti es from preshot to

postshot ~ 2.7—2 .8 km/sec to ‘s~ 2.3 km/sec. These chan ges and others

will be discussed in more detail in the section on “Preshot-Postshot

Comparisons ” .

U12e.20 Drill Holes (Post-Dining Car)

U12e.20 drill holes are all l ocated in the horizontal plane surround-

ing the working point. Short dri ll holes were emplaced perpendicular to

the main and auxiliary tunnels and long oblique holes were cored farther

out into the surrounding media. Relative l ocations of the dri ll holes

with respect to the tunnel layout are shown in Figure 1.

Physical properties , uniaxial strain measured permanent compaction

and ultrasonic wave velocities are listed in Tables 3 and 4. Uniaxial

strain test curves are contained in Appendix A. As explained for the

U12e.18 DNRE#1 core samples , the effects of Dining Car can be seen in the

shallow uniaxial strain test stress—stress curves . Measured permanent

compaction averages ~1.0 percent.

In addition to the standard uniax ial strain tests , selected cores

were hydrostatically loaded to 800 psi prior to uniaxial strain loading.

These tests will be discussed in detail in a fol l owing section on preshot

• and postshot data comparison . The test results are seen in Tables 3

and 4 in the measured permanent compaction column as two numbers
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TABLE 3

Phys i cal Propert i es , Un iaxial Strain Measured Permanent Compaction , and
Ultrasonic Longitudinal and Shear Wave Velocities of

U12e.20 UG#1 ,2,&3 Tuffs

DR’1.l. HOLE “‘.‘ ~ ‘ / 1  A ’ ’ F •
~~ • ~, 

- .  .
~ A .. MEAS VE LOC I C -

W E T  , .  .
~ 

A ’ .  P€RMANIN~ ~A S *E’GHT ‘OS .~OE~~.VE3 DRY GSA .,•~ 
.,,~ ,., . ‘. 1  SHEAR

• : • : 4 . ‘ ‘.

~4 1 ’  ‘ . .

* Moisture sample
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TABLE 4

Physical Properties , Uniaxial Strain Measured Permanent Compaction , and
Ultrasonic Longitudin al and Shear Wave Veloci ties of

U12e.20 HF#1-1OA Tuffs

~~~~~~~~~~~~ 
•
~~~~~~~~

-
DRILL HOLE DENS T C Q’.• ‘ A1• • — . I. . ’ ‘~ ‘..• .,4 .1 .

‘1’ .s~ ._ , A . .  ~~~~~~~~~~~~
A S  . OS .A~ • I

.,Iu1~~ E4  A RT .,.C’. % . . . N ,, S . . E A R
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(i.e. 0.8/0.2), the first number being the volume change resulting from

hydrostatic compression to 800 psi and the second number is the volume

compaction due to uniax ial strain to 4 kilobar confining pressure upon

initiation at 800 psi confining pressure.
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SECTION II

SELECT MISCELLANEOUS TESTS

• Gas Flow Tests

Dry UE12e#1 vertical drill hole tuff samples were subjected to gas

flow tests to generate supportive data for the computer hydrofrac code.

The purpose of the tests was to determine if choked flow occurred at

some gas driv ing pressure (i.e. no increased flow with increased driving

pressure). The tests were conducted to verify an apparent chok i ng of

flow that occurre d in recent f ield tests .

Test samples were prepared by recor i ng and saw cu tti ng the core

samples to a 1.8 inch diameter , 1.75 inch length. They were then bonded

wi th epoxy to the inside of an aluminum ring so as to prevent gas flow

between the ring and the sample. 0-ring sealed steel end caps were

placed over each end of the ri ng and the assemb ly was i nserted i nto a

small load frame . Gas was supplied to one face of the sample from a

regulated nitrogen bottle (2500 psi maximum pressure) and flow was

measured downstream wit h a flowm eter .

Permeabil iti es were determine d for all sam ples i ni ti all y by measur-

in g the flow resulting from a 20 psi driving pressure . Approximate

permeabi lities for each footage are shown in Figure 3. The high pressure

gas flow tests were conducted only on the l ower permeability samples

below the 900 foot depth. These samples were tested by increasing the

dr iving pressure in 200 psi increments up to a maximum 2000 psi or up to

where the sample fractured . Results are shown in Figure 4 as driving

0ressure versus flow rate.
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Figure 3. Gas permeability of dry UE12e#1 tuffs versus drill hole footage .
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GAS (Al R) FLOW TEST
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Figure 4. Gas flow tests through select UE12e~1 core samples --
driving pressure versus flow rate .
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The test results suggest that choked flow does not occur in this

driving pressure range. In fact , rather than showing no increase wi th

pressure , flow tends to increase with the square of the pressure accord-

ing to the permeability law. Also , samples fractured in all but one case

well before the 2000 psi max imum pressure was reached . It should be

noted that these tests are not truly representative of field flow tests

i n that the tuff ~ias dry and unconfined (no overburden stress). The data ,

therefore , should not be used as a measure of ‘
~~‘ . ~~~~~~~ permeability or

pressure required to cause hydrofracture.

Atterberg Limit Tests

Select core samples from the Hybla Gold site were subjected to

Atterberg Lim it*tests to determine their respective plasticity indexes.

Cores from four separate dri ll holes , U 12e.20 UG~3, HF~1 , HF~2 and HF#5

were tested .

Test results are listed in Table V. All samples , with the excep-

tion of HF#5 , had a positive plasticity index number indicating a “plast i c”

classification . The HF#5 sample is classified “non -plastic ” because the

sample could not be molded into a ball , the first test requirement.

*These “Atterberg L imits ” are not intented to represent data produced on
soils. Special procedures for tuff require intial mechanical crushing
and pulver izing followed by reconsolidation. The “Limits ” obta i ned are,
therefore , relat ive indicators of the behavior of tuff .
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TABLE 5

Atterberg Limit Tests* on Selected U12e.20 Core Samples

Sample Li quid Plastic Plast i ci ty
Designation Limit Limit Index Classification

HF#1 — 16’ 29.7 27.7 2.0 Plastic
HF~2 — 10’ 33.8 32.7 1.1 Plastic
HF#5 - 5’ 29.3 -- --- Non-Plastic
UG#3 - 109’ 38.2 37.9 0.3 Plastic

Wet/Dry Permeab i 1 i t ies

Permeabi l i ti es to air were determine d on select core samples from the

U12e .20 UG#3 and HF#1 , 2, 3 locations. Samples were tested in their wet

or “as-received ” cond it i on , then oven dried and retested . Results are

shown in Figure 5.

As expected , permeabi lities increased significantly upon drying .

The magn it ude of the increase , however , was much lar ger for the UG#3

samples. A possible explanation for the difference is the permeability

mechanism itself. The UG#3 tuff samples appeared to be a fairly compe-

tent tuff wi th interconnected porosity . In the wet condition , the pores

are largely full of water so flow is restricted . Upon oven drying , water

is removed and flow becomes unrestricted . This type of permeability would

be considered a pore connected permeability and is very dependent on the

saturation state .

HF#1 , 2, 3 tuffs , on the other hand , appeared to have a number of

fractures , resultin g in higher permeability relatively i ndependent of

saturat ion . Thus a smaller difference between the wet and dry samples.

* See footnote on previous page.
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APPROXIMATE GAS P E R M E A B I L IT I E S
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Fi gure 5. C iarison of wet and dry gas perm eabi lities on selected
U: .20 core samples--permeability versus drill hole!
f ige.
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SECTION III

COMPARISON OF DININ G CAR AND HYBLA GOLD (POST-DINING CAR )
MATERIAL PROPERTIES

Interest in the effects of the Dining Car event on the Hyb la Gol d site

led to a comparison of preshot (UE12e~ 1, U12e.14 and U12e. 15) and post -

shot (U 12e.18 DNRE~1 and U12e.2O) data. The effects were first observed in

the U12e. 18 DNRE# 1 re-entry drill hole and early Hybla Gold drill holes

(U12e.2 0 UG~1 and UG#2 ) in which the uniaxial strain tests produced

lower stress differences for given confining pressures . Th i s l ower

stress difference becomes immediately apparent when preshot and postshot

data are plotted together as show n in Figure 6. Uniaxial strain volume

change curves also show a marked difference bet~ieen preshot and post -

shot tuffs . When test results are plotted on an expanded scale , postshot

tuffs have a significantly larger “foot” than do preshot tuffs , as shown

by Figure 7. Strangely enough , however , the postshot tuffs produced

lower uniaxial strain permanent volume compactions than did the preshot.

It was reasoned that the above described dif ferences mig ht be ex-

plaine d by the presence of numerous m i crocracks i n the postsho t tuff .4

That is , the preshot tuff apparent air void contents are primarily due to

• air filled pore porosity . Thus, the relatively small “foot” assoc i ated

with the usual permanent volume compaction of 1 to 2’ .. by volume. The

apparent air void content of the postshot tuff . on the other hand , is

thought to be due to shock-induced microcracks which have been “opened ”

when relieved of overburden stress and are closed easily at low stresses --

reference the “ foot” on the postshot samples . The postshot samples either
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AVERAGE STRESS RESPONSE FROM
UNIAXIAL STRAIN TESTS
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Figure 6. Comparison of preshot and postshot uniaxial strain tests on
Hybla Gold tuffs -- stress difference versus confining
pressure .
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Figure 7. Comparison of preshot and postshot uniaxial strain tests on
Hybla Gold tuffs -- mean normal stress versus volume change .
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contain very little, if any , of the original air-f illed pore porosity or the

existing pores have been filled with water. This latter possibility has been

suggested by data on the preshot and postshot Ming Blade tuff1 and is also

refl ected in the data contained herein , see Table 6*. The bed 4J numbers

represent the average properties of that rock unit throughout the Area 12

tunnel complex . Bed 4J shows different densities but identical porosities

and moisture contents from that of the Dining Car media (also 4J) but both

have noticeabl y l ower porosities and moisture contents than the Hybla Gold

med i a .

TABLE 6

Average Select Properties of Preshot Din ing Car
and Hybla Gold Medias

Density , gm/cc Moisture_____________ - Porosity Content
As -Received Dry Grain

Dining Car 1.93 1.59 2.44 35 18

(4J ) 1.96 1.63 2.47 35 18

Hybla Gold 1.90 1.51 2.52 40 20.3
(Post Din ing Car)

*compiled by Mr. J. W. LaComb , DNA , Mercury , Nevada
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To address these gas-filled void changes , select postshot samples were

hydrostatically loaded to estimated overburden stresses followed by uni-

axial strain loading . It was observed that the foot was virtually elimin-

ated and measured permanent compaction from the uniaxial stra in portion

of the test was reduced substantially (Tables 3 and 4). Typical tests

are shown in Figure 8. This observation suggested that microcracks do

apparently close when overburden stresses are applied. Similar tests

were conducted on a few preshot tuff samples to determine if the initial

hydrostatic compression would eliminate any permanent compaction. The

data , however , was not sufficient to draw any conclusions . Further tests

comparing preshot and postshot tuff are needed to answer these questions

of overburden stress and microcrack effect on material properties .

To investigate microcrack presence , several preshot and postshot

tuff samples were subjected to micro scopi c examination us i ng a scannin g

electron microscope . Preshot tuff samples were thoroughly examined and

few microcracks were observed. Pore structure appeared undamaged and the

zeolite web-like structures often found in the pores were still intact.

Representative preshot photographs are shown in Figure 9. Postshot tuff

samples were examined equally thoroughly and a large number of microcracks

were present in all cases . The zeolite webbing was partially broken down

in some cases and cleavage planes were occasionally present. Photographs

of postshot tuffs are shown in Figure 10. An examination was also made

of preshot tuff subjected to a 4 kbar uniaxial strain test. Figure 11

shows ph otograph s of post un i ax i al strain tuff . There is some indications

of dama ge a l t hou gh not as obvious as in the postshot mater i al .
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So far , chan ges in physical properties and the existence of micro -

cracks have been documented. Their effect on the gas-filled void content

has also been discussed and partially verified . The mechanisms behind

the changes in shear stress response and ultrasoni c velocities are at

this time mostl y speculation , althou gh supportive test data are available.

The l ower stress-stress response during the uniaxial strain tests ,

Fi gure 6, could be a result of both the m i crocracks and the physical pro-

perties changes . Tests have been conducted i n wh i ch samp les were subjected

to two cycles of uniaxial strain loading to roughly simulate fractured

postsho t sam ples .5 Many of the samples produced a l ower stress-stress

curve on the second cyc le. There is evidence , therefore , that the exist-

ence of microcracks can lessen the shear stress carryin g capaci ty of the

F material. Likewise , a material with hi gh porosity , h i gh mo i sture content

(i .e., preshot to postshot changes) and , hence , a lower effective stress ,

will also exhibit l ower shear stresses .

The decrease in the ultrason ic velocities from preshot to postshot

• Dining Car could also be a result of both the microcracks and the physical

properties changes . Test results generated at Terra Tek show ultrasonic
• long itudinal (P—wave ) velocity decreases of up to 25.  as a result of

fractur i ng by un i ax i al compress i on loa d in g an d dir ec t shear i ng.6 W i th

regard to the physical properties changes (primarily the increase in poro-

si t” and moisture content) Fi gure 12 shows P-wave plotted versus moisture

content for random tunnel bed tuff samples. Although there is considerable

• sca tter , the data does suggest l ower P-wave velocities with hi gher water

contents .
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SUMMARY

Characteri zation of the Hybla Gold media was conducted with emphasis

on the effect of the past Dining Car event. Some changes in material

properti es were noted , as discussed below ; however , the Hybla Gold media

properties are considered adequate for containment.

In the course of characterizing the Hybla Gold tuff, it became appar-

ent that some material properties were different than those established

pre -Dining Car. Of significance were:

1) changes in the characteristics of volume strain and permanent

VOlL a L  compaction during uniaxial strain tests ,

2) an apparent decrease in the shear stress capacity during uniaxia l

strain loading, and

3) a decrease in the ultrasonic P and S wave velocities .

Further examination produced evidence that densities , porosi ties and mois-

ture contents had increased , sugges ting fluid migration into existin g or

induce d cracks and pores . Also , subsequent electron scanning microscope

pictures showed numerous microcracks in the postshot material

The mechanical properties changes (numbers 1 through 3) appear to be

explainable v ia the changes in the physical characteristics. In most

cases , data are presented to verify the proposed relationships between

the changes.

In conclusion , the Hybla Gold cha racterization has been successfu l

in documenting the effect of a nuclear event on the close-in media. The

results and theories presented should prove very beneficial in light of

future “two-for-one” tests.
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Figure A-29b. Uniaxial strain tests on U12e.20 HF#1 ,2,3 core samples—-
stress difference versus confinin g pressure .
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stress difference versus confining pressure.
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Figure  A-33b. Uniaxial strain tests on U12e.20 HF#5 core samples-—
stress difference versus confining pressure .
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Figure A-35b. Uniax ial strain tests on U12e.20 HF#7 core samples—-
stress difference versus confining pressure .
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MATERIAL PROPERTIE S OF U12e.2O TUFF OVERCORES

~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Terctlek

August 1, 1977

Mr. J. W. LaComb
Defense Nuclear Agency
Nevada Test Site
Mercury , NV 89023

Dear Joe:

U12e.20 overcore tuff samples were subjected to mechanical tests to
determine the elastic modu li for use in evaluating “in situ ” stresses.
Cores from five separate overcores designated ISS#1 , 2, 3, 7A, and 9
were tested . Samples were Drepared by recoring to a 2 inch diameter and
cutting ends parallel to a 2~ inch length .

Triaxia l compression tests were performed at 34.5 bars (500 psi).
Young ’s moduli were scaled directly from the stress-strain curves in the
initial elastic portion . Poisson ’s ratio were calculated from axial and
lateral strain increments in the same region . Table I lists the Young ’s
modulus and Poisson ’s ratio for each overcore. Stress-strain curves are
shown in Figure 1.

Overcores ISS#2, 3 and 7A all had Young ’s moduli around 14 kbars.
These modulus values seem to confirm both your ’s and Bill Ellis ’ precon-
ceived estimates. Young ’s nodu li for ISS#1 and #9 were about 4 kilobars
and ½ kilobars , respectively.

Sincerely,

‘~ ‘~
14~d~~

D. S. Gardiner
Research Engineer

DSG/ jig

Enclosure

cc: Bi ll Ell is

N!vEpc ITy  R[SEA ~ CH PA P.~( 
~:‘ •~~~
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TABLE I

Young ’s Modu li and Poisson ’s Ratios from Triaxia l Compression
at 34.5 Bars Confining Pressure

U12e.20 Young ’s Modulus Poisson ’s Ratio*
Overcore No./Footage E(KB) v

ISS#1 7’ 3.85 0.44

ISS#2 14’ 14.81 0.16—0.21

ISS#3 4’ 13.79 0.18-0.20

ISS#7A 8’ 13.33 0.16-0.18

ISS#9 0.40 —

* The range given for Poisson ’s ratio was derived from the difference
in the two lateral strain measurements .

U12e .20
OV(RC O#LN O. FQO!A(~~

I s s , I  7 ’
SS$ 2  4
5S~~ 3 4 ’

4 e’ 
-

3 S SI 9  
. 
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TRANSVERSE STRA, N.~~, ,%  A X I A L  STRAIN . E~ , •/.

Figure 1. Stress-strain curves for U12e.20 overcores.
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WATER AND AIR PERMEABILITY OF CONCRETE FROM
HYBLA GOLD PIPE

~~~ ~~~~~



Ten’c~Tek

September 2, 1977

Mr. J. W. LaComb
Defense Nuclear Agency
Nevada Test Site
Mercury, Nevada 89023

Dear Joe:

Hybla Gold concrete samples from A , B&C, 0 and E pipes were tested
for permeability to air (nitrogen) and water. Permeability to air was
measured by pressurizing one face of a cyl indri cal sample and measuring
the flow at the downstream face (steady-state method). Permeability to
water was measured by monitoring the pressure decay of a given volume of
pressurized water at one end of the sample (transient method). Driving
pressures were 100 psi for the air tests and 100 and 200 psi for the
water tests. Additional ly, water test specimens were pressurized up to
the point where fracturing occured . All samples were 1.0 inches in
length and 1.74 inches in diameter .

Test results are listed in Table I. Results show all the concrete
specimens to be in the microdarcy permeability range. No significant
differences in permeabilities resulted from the different driving pressures .
Samples fractured at around 1000 psi dri ving pressure.

Sincerely,

~~~~~~

D. S. Gardi ner
Research Engineer

UNIVER SITY RESEARCH PARK - 420 W A KA RA WA~~ 00 ;ALT LAK E CITY UTAH 8.1108 (8011 582 2720 

~~-—- ~~ - .~~---- .-~~~~~~~~~~~~~~~~~~~~



TABLE I

Air/Water Permeabilitie s—Hybla Gold Concrete

Permeability to Air Permeability to Water Driving Pressure
Pipe Microdarcies MiCrodarcies at Fracture PSI

A 3 20 1040

B&C 870 700

D 40 600

E 1 6 987

‘T ~~~~~~~~~~~~~~~
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BACKGROUND

Site exploration is an essential part of the nuclear test program at

the Nevada Test Site , Mercury , Nevada. The constant need for new test

sites dictates continual exploration . Exploratory drill holes are an

economical means of determining site usability for a nuclear test prior

to extending tunnels into an area.

Site potential can be determined by examining the material properties

of exploratory dri l l hole cores and comparing results with data from pre-

viously tested sites. Of particular interest are percent air void values

derived from permanent volume compactions , after uniax ial strain tests to

4 kb confinin g pressure.
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U12n .11 UG#1 DRILL HOLE SUMMARY

Both the physical and mechanical properties were determined for ash-

fall tuff cores from exploratory drill hole U12n.11 UG#1. The cores

were from 1006 feet through 1526 feet, with tests performed on samples

spaced 25 feet apart. The derived physical properties and measured

ultrasonic velocities are listed in Table I. Figure 1 is a plot of

permanent -volume compaction (from uniaxial strain tests) versus drill

hole footage for all the samples tested . Individual uniaxial strain test

results are shown -in Figures 2 through 7 as mean-normal stress versus

volume change and stress difference versus confining pressure .

The results indicate a tuff saturated to in excess of 98 percent

thereby exhibiting low permanent-volume compaction . Ultrasonic velocity

measurements confirm the mechanica l test data. Except for the sample

from 1027 foot depth , shear strength lies within 0.2 to 0.8 kbar. The

1027 foot sample exhibited shear strength on the order of 1.7 kbar at

3 kbar confining pressure . For this sample the shear strength increased

at the rate 0.3 kb/kbar confining pressure at 3 kbar confining pressure.

Further pore collapse could have occurred wi th increased loads.
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TABLE I

Physical Properties , Un iaxial Strain Permanent Volume Compaction and
Ultrasonic Wave Velocities of U12n.11 UG~1 Cores

DRILL HOLE DENSITY (Qm/cc) WATER POROSITY SATURATION CALC MEAS VELOCITY
FOOTAGE BY WET AIR PERMANENT (Km/sec)

AS WEIGHT VOIDS COMP.
L 112 n .11 UG#1R ~~~IVED DRY GRAIN LONG SHEAR

1006 1.78 1,35 2. 46 23.9 45.0 94 ,8 2.3 LO 2 .38 1.09
1027 1.92 1.61 2.36 16.3 31.9 98.1 0.6 0.3 3.30 1. 72

1050 1 .87 1.50 2.42 19.9 38.1 ~7.6 0.9 0. 2.95 1. 49

1073 1.87 1 .50 2.41 19.9 37 .9 98.3 0.6 0.4 289 1. 41

1100 1.89 1 .5° 2.39 16.0 33 .6 90.1 3.3 1.0 3 2 9  1 .64

1124 1.82 1, 44 2.37 20.8 39.2 96.6 1.3 1.2 3.31 1.61

1151 1 .82 145 2.33 704 37.8 98.2 0.7 0 7  303 1.59

1176 1.79 1.38 2.39 23.0 4 2 . 3  97.3 1 .1 0.5 2.78 1.35

1201 1.78 1 .3 8 2.39 22.3 3 2 . 1  14 .2 2.4 1 .2 2.67 1.26

1225 1 .88 1.~ ? 2.47 19.0 38.4 93.2 2.6 1.5 3 . 2 6  1.96

1250 1 °f 1. 62 2,49 17 .2 34.8 96.8 1.1 0,4 3.10 1.53

1273 1. ’~ 1.56 2 . 38 18 .~ 37.0 96.6 1.2 0.9 3.05 1.39

1301 2 00 1 .69 2.43 15.6 32.2 Q6,9 1.0 1.8 3.14 1.51

1327 1. ‘ 1.63 .:.50 17.5 35.0 98.5 0.5 0.6 2.79 1.30

1351 1 .8 7  1. ~~1 2 . 46 1 ) 3  3? .~ 93.4 2.5 1.6 3.20 1.67

137 4 1 .83 1. 4 2 . 44 21.5 41.2 95.2 2.0 0.9 3.01 1.60

1404 1.89 1. ’1 2 . 47 17 .7 35.1 95.5 I f  0.5 3.16 1.69

1430 187 1 . 41 2. 44 20.1 38.7 97.1 1 .1 0.4 2.76 1.37

145 7 1 ° 3  1.58 2 . 41  17 .9 36 . 4 95.0 1.8 0.7 2,94 1.50

1476 1 .85 1. 46 2.41 21 .3 40.1 98.3 0.7 0.8 2.50 1.19

1498 1 .8) 1.40 2.35 22.7 42.9 95.8 1.8 1.3 2.32 1.29

1526 1.89 1 .52 2.49 19,7 38.9 95.9 1.6 0.6 2.69 1. 41

U12n II UG* I
I-
~ 2.0 .

• . 
. 4

4
4 4 

4 
4 . 4

.

o _._J)
0 ~‘ I000 1100 1200 300 400 1500

DRILL HOLE FOOTAGE (Fl)

Figure 1. Measured permanent compaction versus drill hole footage.
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Figure 2a. Uniaxi al strain test—-mean norma l stress versus volume change.
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Figure 2b. Uniaxial strain test--stress difference versus confining pressure .
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Figure 3a. Uniaxial strain test——mean norma l stress versus volume change.
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Figure 3b. Uniaxia l strain test--stress difference versus confining pressure.
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Figure 4a. Uniaxial strain test—-mean normal stress versus volume change .
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Figure 4b. Uniaxial strain test--stress difference versus confining pressure .

209

-—-- .

~

--

~

-- -. 
__Ii~.____

~-.-_ - -~~~~~~~ . - ~~~~~~~-~~~~— - -~~~~ . --- .--



-
-- —,. —-- -.-~- .~~~~ .- -

~ r 
-
~

- - -, - - I ~~~~~~~~~~~~~~~~~~~~~~
U(24 . ’ I

2 327

~~ I~~~~~ 

//
5

V~DLUNE CHANGE . 41.3V.
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3 ‘ T ~~~~~~~~~~~

/ 12 4 . 1 1  L IG Ø I
3 8-  ~~~~~‘ ‘~~~‘~‘ -t 41 4~~ 1

0. ’—
#4

-~

b

b °~~~‘-

~ 04.-
‘41IL

a _______- J -
_

41 
0 3 _  .

~1~ o

oi
~~ 

—

- 

- 

54 ’
5~~~, “ 144 5 ’ , 143 

,~ IRARS

F igure 7b. Uniaxial strain test--stress difference versus confining pressure .

~12

- ---a -’----



—a-- -  a
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INTRODUCTION

Grout samples were re t r ieved from Mighty Epic Site (U12n.1O A , B an d

C drifts ) after the nuclear event detonation. Both physical and mechanical

properties of these postshot grouts were determined and compared with those

of preshot grout ’. Comparisons are made of physical properties, ul tr a son ic

velocit ies , and uniaxi al strain response to 4 kbars confining pressure.

1. Butters. S. W., Stowe , R. L., LaComb , J. W ., “Characteriza tion of luff
and Development of Grouts for Mighty Epic Structures Program ,” Terra
Tek Report TR 76-21 , April 1976 .
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TEST RESULTS

Physical propert i es , uniaxial s train measured permanent compact i on ,

an-i ultrasonic velocity measurements are listed in Table 1. Uniaxial

stra in test results are shown in Figures 1 and 2 as mean norma l stress

versus volume change and stress di fference versus confinin g pressure .

Average pre-Miqhty Epic grout data are shown as dashed lines .

TABLE 1

Ph ys ical  Pro per ti es , Un i axial Strain Measured Permanent Compac tion
and Ul trason i c Veloci t ies of Mig hty Ep ic Postshot Grout

DRILL HOLE DENSITY (Urn/cc) WAT ER POROS ITY SATURATION C.ALC MEAS VELOCITY
FOOTAGE BY WET (0,)  AIR PERMANENT ( f t /s ec )

AS - WEIGHT VOIDS COMP.

— _________ 

RE~~4VED DRY GRAIN LON G SHEAR

II .’ rt 111

~~~ 0 -13 ’ 7. 19 1 . 6  3 . 20 1 1 . 1 .14 . 3 ° .0 3. 1 3.3 10213 5685

) I 4 A  13 - 7 5 ”  7 , 11 . I ’ S  3 , 1’. 18.” 44 . ’ ~~~~~~ $ 1  2.8 10428 5695

0 - 12  7 , 19 1 . 80 3 m  17 .7 -1 .1 /1 .6 3 .5 2 . 4 10512 5812

$ i / ~ 3 4 ’  2.70 1 , 90 1 , 13 11 ,7 4 . 6 ‘ 11 ,7  7. 5 7.3 10010 5583

0-1,” 7.34 iiO 3.17 18 . .’ 4 3 . 1 5,3 2.1 1 . 7 10230 5759

L 7 4  :. “ 7 , 1 3  . 71 4 , 19 i t . 7 1 .2  / 5 1  -i . .  2 4  10075 5607

0— )?” 7 . 5 I 3’ ~It. II 6 3 7 . 1 85 , ’. 4 . 3  1 .6 16875 9278

3 1— 13” 7.:,’ 1 . -’4 3 , i$ .~ 34 . 1 I t S  3,4 1.5 12251 6 5 7 1

0-13 ”  7. 10 1 . 83 3.01 13 . 0 t’I I , , I F  I I I  2.7 11739 6383

C ‘6/I 0-13 ’ 7 1 5  1 . 04 3 , 114 1f,~~ $11 ’) 87 .3  5 . 2 2 . 6 3848 5729

I ‘- . 6 2 . 11 1 . 7 3  3 . 01 141 , 2 42.6 9 0 0  4 .3 2.2 1645 5836

7 0—1 ?” 2.22 1 87 3.03 15 .6 38.? 41 . 7  3 . 6 3 .2  11410 6904

-~~~~‘8 I;’ ~2 V’ 2 .71 1. 85 3.03 4 , 4 3~ . 0 37 . 8  2 . 8 2 .7  1107 1 6148

5 6 , 1
“1 - l i P  ‘ , fl - 4~ 7 ) q  . 73 - 1 .83 ?. 0.1- 3 t 1 7  11 , 5- 18.1 4 1 - 4 3  R7- Q~ 3. 4 - 1 , 6 3 . 3-5,4 3570-1)26 5179-5600

L
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Figure la. Uniaxial strain test on U12n.1O A and B drift grouts --
mean normal stress versus volume change.
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DISCUSSION

In genera l, the postshot grouts have l ower calculated air voids (2-5

than d id the preshot grout (4-6’). Permanent compaction resulting from the

uniax ial strain test is also l ower (1.5-3.3 ) than the preshot grout (4.0-

5.4’,.). Postshot grout aopears to be slightly stronger (20 ) than preshot

grout with C drift grouts exhibiting higher shear strengths and consider-

ably more scatter.
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RESIDUAL STRESS IN THICK-WALLED CYLINDERS OF
ASH-FALL TIIFFS AND TUFF MATCHING GROUTS

SUBJECTED TO INTERr&AL PRESSURIZAT ION

TR 76-67
December 1977
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INTRODUCTION

After underground nuclear events , it is mandatory that the radio-

active gases not be vented to the atmos phere . One of the pr imary con-

s i derations in evalua ting the conta i nment potent i al of a si te i s the

ability to contain these residual radioactive cavity gases. It is be-

l ieved that a compressive residual stress field in the region surround-

ing the post-shot cavity can be beneficial to this conta inment process1 ’2.

Laboratory containment tests have been conducted by Florence and

Kennedy3 in which 12 inch (30.5 cm) diameter grout spheres were explo-

sivel y pressurized (internally) while hydraulically confined (externally)

to simulate an overburden stress. Test results show acireement with analy-

tical models pred ict ing compress ive res id ual stress form a ti on followi ng

this type of loading . However , th i s test i ng has been lim i te d to test ing

in an artificial med i um (grout) as opposed to actual site materials (ash-

fall tuffs ).

Modeling studies have been undertaken by N. Rimer4 wh i ch have anal y-

t ically demonstrated that the magnitude of the res id ual stress f i eld

created is dependent on the site media physical properties . It is desir-

able , therefore , that a laboratory test program be developed that would

allow verificat ion of residual stress formation in ash-fall tuffs and

also address the effects of varyinq physical properties on the residual

stress. As a first step in the development of this type of testing cap-

ability , Terra Tek conducted a num ber of internal oressurization tests on

thick-walle d cylinders of tuff and tuff-matching grout. The initial ob-

jective of this test program is to determine whether a residual stress is
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actually being formed in the laboratory samples of tuff. If the residual

stress field is consistently produced , the physical property dependence

can be addressed .
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SAMPLE PREPARATION AND TEST PROCEDURE S

The i nit ial cylinder p ressurizat i on tests were con duc ted on tuff-

matching grout samples (ME8-11); the second group of tests was conducted

on sam pl es of ash-fall tuff from the Nevada Test Site. The tuff was

designated U12t.02 UG#7 , and was selecte d primar i ly because of avail-

able length and material consistency .

Both groups of test samples were prepared identically. Each test

samples was 2.0 0.05 inches (5.1 2 0.13 cm) in diameter , 2.25 inches

(5.72 cm) in length. A hole of 0.32 inches (0.81 cm) diameter (0.20

inches in the case of samples with no internal jacketing) was then bored

t~rough each sam p le alon g it s longit ud inal ax i s . The end s of the sam p le

were ground to a standard overall sample length of 2.0 ± 0.05 inches (5.1

± 0.13 cm). A minimum outer diameter to inner diameter ratio of 6.25:1 was

maintained on all internall y jacketed test samples. Samples without the

internal jacketing have a larger diameter ratio of 10:1. Prior to test-

in g, each sam ple was inspected for visually aoparent non-homogeneities

and ev id ence of lar ge s tress concentrators s uch as vo id s , nicks, cracks ,

etc . All sa mp les were teste d i n a saturate d s tate .

The internally jacketed burst tests * were conducted using the appara-

tus shown in Figure 1. A steel shaft , 0.250 inches (0.64 cm) diameter ,

* The i nternal bores of the rock cylinders were jackete d dur i ng the ini-
ti al i nvesti gat ions . These “jacketed” type pressurization tests have
been shown by Cl i fton , ‘ - :  5, to be easier to control as crack growth
does go through a stable region. Later testing included samples with
unjacketed internal bores to supply data more readily comoarable to
field data obtained through hydro-fracture testing .
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completely wrapped with a thin vinyl tubing, was p lace d through the i n-

ternal bore of the test specimen. The vinyl tubing acts as a jacket iso-

latin g the sample from the pressurizing fluid. Mild steel end caps are

then attached and the exterior of the sample sealed with a polyurethane

jacket to prevent sam ple contact with the confining fluids .

Non-internally jacketed tests were conducted w ithout t he use of the

steel shafts and inner liner. 0-rings were placed on each end of the

sample. The steel end caps held against these 0-rings by a small axial

force effectively isolated the internal bore of the test sample.

Each sample was then placed into a oressure vessel which supplied

the external pressure for the confined tests. A small axial stress of

ap~ro~imately 50 psi was applied to the sample to maintain pressure seal-

ing of the internal bore . This axial stress was maintained constant

t hroughout the test and was ex per i enced by all test samples .

Test Procedures

Two bas ic series of internal pressurization tests were conducted ;

uncycled and cycled . In the uncycled testing, the interior of the test

sample was pressurized while no external confining pressure was appl i ed .

The internal pressure at which the test sample fails is termed the un—

cycle d , unconf ined burst pressure . For the cycled tests an external

confinin g pressure was used to simulate an overburden stress. With this

confining pressure app lied , the inter ior pressure of the sample is increas-

ed to a value between the applied confining pressure and the bursting

pressure for that particular confining pressure . The pressures are then
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removed and the inter ior pressure increased again with no confining pres-

sure until a catastrophic failure of the sample occurs . The internal

pressure at which this failure occurs is termed the cycled , unconfined

burst pressure .

A comparison can be made between the uncycled and the cycled be-

hav ior of test sam p les from the same material . The effect of residual

stresses created during the ini tial pressurization of a cycled sample ,

if any, will be apparent as a change in the unconfined burst pressure .
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Figure 1. Burst Test Apparatus.
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EXPERIMENTAL RESULTS

Grout

Uncycled: The initial testing was conducted on tuff-matching grout

samples in an effort to reduce variat ion in test results due to material

scatter . Initially, ni ne uncycle d , uncon fi ned pressur i zat i on tes ts on

internall y jacketed samples were conducted . The mean burst pressure of

these nine tests was 77 bars with a standard deviation of 8 bars. A

summary of all uncycled grout tests is contained in Table 1. The tests

are des ig nated accor di ng to the type of tes t an d the sa mp le ma ter i al , e.g.

UGB-1 designates uncycled grout burst ~1.

UGB-10 was burst while confined. This test established the con-

f i ned burst pressure , approximately 210 bars , for a sample confined at

30 bars .

Also inclu ded in Table 1 are the results of UGB-11 and UGB— 12

wh ich were also burst uncycled . These tests differed from the previous

uncycle d grout bursts i n tha t they di d not have an inner jacket presen t

dur ing pressurization and that the diameter ratio of outer to inner was

somewhat larger ; 10.0 versus 6.25 .

Cycle d: The effect of a cylical pressurization on an unconfined

sample was determined on sample CGB-1. The sample was cycled to 60

bars internal pressure while unconfined to determine if a residual stress

could be develo ped in the absence of a confining stress. The samp le

showed no significant changes in response and demonstrated a burst pres-

sure within the scatter of the uncyc l ed tests.
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TABLE 1

Uncycled Grout Burst Pressure Data

~~~~~~~~~rn a1 Pressure Cycle ‘r’~’sss I ’  it  
‘ - ‘ - ‘ -— Dianiet er

Externa l Intern al E xte r~~ i tnter n~ I Rot~o
Sam ple Des ignation (bars ) (bars ) (bars ) (bars ) (00101 ) Collmients

JOB-I (Grout)  — —  - -  0 ~‘4 6.25/1 Il re f i ned  Burst

008-2 (Grout)  - -  - -  0 70 6.25/1 - I I ,  , r i t i ned  Burst
008—3 (Ov’rut ) — — — —  0 lI ’ I’ . ~5.’ 1 II ,I l f  m e d  Burst
008-4 ( Grout ) — -  -- 0 ‘ ‘ I’ .25/l I I ~), ,‘nf:ned Burs i

008-5 ( G r o u t ) - - --  0 ‘r~ 6.25/1 Ilncon flned Burst

008—6 ( ;roiit ) — —  — — 0 Itt) 6. ‘5 / I - III lint I ned Burst

008—7 r I l u f t  _ _  — —  1 6 . 2 5 . 1  Ii, , I r l f l f l Od  / u rst

008—0 ‘ (‘ ‘r,it — —  — —  0 I -  6, 5 /1 !In ~ ,’n fmned Burst

008—9 I; r o , t )  — —  — —  0 - 4 6.~’b .’l In  re f i ned Bur s t
LJG 1 l — I f l ( r r n i t t )  - —  — -  30 ?‘11t 6.25/1 Nrt Cycled : Burst

While ~ r r f  1 IPd

11GB — Il - r ou t - —  — -  0 ~~ 10.0/1 ‘ 1 0 ref i ned  Burst :  In te rna l
t i , ’ , ’ Nil Jack e ted

0GB—i. ,‘ ul ) — —  — —  0 5’ 10.0/) I i i , . ,r ,f in ~~d Bu rst: Interna l
Bore ~I It Jacke ted

* CI I  I rlterfl 1 I bores wpi ’i’ I l  I Pt 01  on i r s  ‘oil , ’,I ‘ I  Ii ’r’W I “1’

Durin g the cycled grout tests the samples were internally pressurized

to 120 bars while confined at 30 bars confining pressure (burst failure

would occur at approximately 210 bars at this confining pressure as

established by UGB-1O). The internal pressure was then relaxed and the

con fining pressure lowered . Samples were burst at an unconfined state.

The samples tested after being cycled in this manner consistently showed

a hiqher unconfined burst pressure than uncyc led samples. The three grout

samples tested had a mean burs t p ressure of 117 bars with a standard devia-

tion of 12 bars. This amounted to an approximately 40 bar increase in

burst pressure over the 77 bar mean burs t pressure of the uncycled samples.

A suni-nary of the cyc led burst tests on tuff-rnatchinq grout samoles is con-

tained in Table 2.
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TABLE 2

Cycled Grout Burst Pressure Data

Intern~ I Pressure Cycle Pressure d t  fail ure
- ‘ - - — _______,

~~ 

,. __—__ - - -a-’ Diameter
External Internal External Internal Ratio

Sample Designation (bars) (bars) (bars) (bars ) (Do/Di ) Coments

COB- i (Grout) 0 60 0 88 6.25/1 Unconfined Burst: Cycled*
Internal Pressure

CGB-2 (G ro u t )  3° 120 0 i?~ 6.25/1 Internal Pressure Cycled
While Confined ; Burst Un-
conf ine d

CGB.3 (Grout) 38 120 0 103 6.25/1 Interna l Pressure Cycled
While Confined; Burst Un-
conf i ned

CCB- a (Grou t )  3° 120 125 6.25/1 internal Pressure Cycled
While Confined; Burst Un-
confined

* 
~1l internal bores were jacketed unless noted otherwise

Tu ff

Uncycled: Two uncycled , unconf i ned burst tests were conducted on

the tuff cylinders identical to those conducted on the grout cylinders .

These tests , designated UTB-1 and UTB-2 , burst at pressures of 74 bars and

78 bars , respectively. Two uncycled tuff tests were conducte d withou t the

inner jacket and are designated UTB-3 and UTB-4.

Cycled: Two cyc led tests were conducted on the tuff samp les , CTB-1

and CTB-2. After confining at 30 bars and internally pressurizing to

120 bars , the samples showed no significant increase in strength when

burst unconfined. The test samples failed at 79 bars and 80 bars . Two

additional samples (CTB-3 and CTB-4) were prepared from the same footage

and cycled at internal pressures of 179 and 204 bars . They , in turn ,

burst unconfined at 80 and 78 bars , respectively. The last of the confined
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tuff tests, CTB-5 was confined at 70 bars and cycled to 220 bars interna l

pressure . The sample showed no signifi cant increase in burst pressure

and failed when burst unconfined at 85 bars .

Tables 3 and 4 contain summaries of uncycled and cycled burst data

for the ash -fall tuffs , respectively.

TABLE 3

Uncycled luff Burst Pressure Data

Interna l Pressure Cycle Pressure at failure
- - ——- —‘-— - — Diameter

Externa l Interna l Exte rna l Interna l Ratio
Sample Designation (bars t (bars) (bars ) (bars ) (00/01 ) Coimnents

UTB-l (luff) - -  - -  0 6.25/1 Unconfined Burst*

UTB—2 (luff) - -  --  0 78 6.25/1 Unconfined Burst

018—3 (luff) --  --  0 30 10 .0/1 Unconfined Burst: Interna l
Bore Not Jacketed

UTB-4 ( l u f f)  - -  - -  0 3.t 10.0/I Unconfine d Burst: Inter :ial
Bo re Not J a cke ted

* A l l  interna l bores w ere jacke ted  unless noted otherwise

TABLE 4

Cyc led luff Burst Pressure Data

Inte rnal Pressure Cycle Pressure at failure 

- ‘ - ‘‘‘ ~~~~~~~~ -— Diameter
Externa l In ternal External Internal Ratio

Sample Designat ion (bars ) (bars ) (bars) (bars) (Do/Di) Coemients

CTB-i (luff) 30 120 0 79 10.0/1 Internal Pressure Cycled
Wh ile Confined : Burst Un-
confi ned*

CT B-2 ( l u f f )  30 120 0 80 10.0/1 Internal Pressure Cycled
While Confined: Burst On-
confined

CTB-3 ( luff)  30 179 0 80 6 .25 / 1  Interna l Pressure Cycled
Whi le  Confined; Burst Un-
confine d

CTB -4 (luff) 30 204 0 78 6.25/1 Internal Pressure Cycled
While Confined ; Burst On-
confined

CTB-5 (luff) 70 220 0 85 6.25/1 Internal Pressure Cycled
While Confined ; Burst Un -
confined

~ A l l  Inte rn a l bores were jacke ted unless no ted oth erw i se
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CONCLUSIONS

Most of th i s prel iminary work has been conducte d on g rout sam p les

with some tests on Nevada Test Site ash-fall tuffs . Unconfined , uncycle d

burst tests on the grout samp les were repeatable. Significant increases

in burst p ressure were noted for the cycle d grout sam p les. These i n-

creases woul d tend to support the argument that a residual stress field

had been formed.

The tuff samples showed uncycled behavior similar to the grout samples.

The cycled behavior differed quite significantly, however . The i nc rease

i n unc onfi ned burs t p ressure that was anparent in the pos t-c ycle d grout

sam ples did not appear in the tuff samples. The tuffs also demonstrated

multi p le fractures upon failu re . The grou t samp les fractu red i nto two

pi eces v i a di ametr i cal l y opp os it e wal l  fractures .

The exact reason for the d iss imi lar  cycled behavior of these two

materials has not yet been determined. The shear stress levels  reached

during the cycled tuff tests were high enough to have initiated permanent

defc rmat ion in most tuff material. During test CTB-4 , for instance , s hear

stress at the inner wal l  exceeded 2800 psi ( -0 .20 kb) .  Typical shear

stress values for ash-fall tuffs at compressive failure range from 0.05

kb to 0.10 kb . Tu ff mate r ial can of course demons trate cons id era b le

var iation in strength. Further testing should inc lude detailed mechanical

response testing of proposed burst test samples .

The difference in cycled behavior could lie in the nature of the

damage incurred . In the cycled grouts, plastic failure could have occurred

at the inner bore surfac e. The damage in the tuff ma terial cou ld have
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occurred in a more brittle manner. The resulting stress relaxation at

the internal bore in th is case would result from micro -cracking and per-

haps major crack opening . In any case there appears to be a lack of a

residual compressive stress build up upon relaxation of pressures applied

to the samp le .

Experimentation is currently being planned to determine the mechanisms

involved in this di ssim i lar behav ior . Detailed microscopic analysis

shoul d aid in a better understanding of this phenomenon . Once the residual

stress field can be consistently established in tuff samples the test pro-

gram can be expanded to veri fy that the testing approach is analytically

sound and tha t this testin g technique can be continued to address the effects

of physical properties and time dependency .
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INTRODUCTION

At the request of DNA a series of special tests were devised and con-

ducted to determine the thermal res ponse of an altere d tuff material ex-

posed to sustained high temperature gas flow . The tuff material used in

these tests is representative of the altered material in the ch imney re-

gion following a nuclear event.

The apparatus constructed for this tes ting wa s desi gned to mee t

severa l specific objectives. The princi p al objective was the monitoring

of the temperature res ponse of a column of crushe d an d reconst it uted tuff

to a pressurized hot gas applied at one end. The column was designed to

simulate one dimensional conditions for both the gas f low and the heat

transfer. Temperature profiles were monitored as a function of time by

embedded thermocouples.

Another design objective was the definit ion of mass f low rate of

the gas through the column as a function of time. This flow history ,

when used in conjunction with the temperature profil e, can es tabli sh a

volumetric heat transfer coefficient for a particular sample representing

a spec ific density, saturation and composition . Also , special attention

was given to possible alteration of the tuff due to exposure to the hot

gas flow , e.g., permeability changes , particle degradation , etc .

This report outlines the test procedures employed in this test series

and includes the data obtained to date.
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SAMPLE PREPARATION AND TEST APPARATUS

Because of the di f f icult ies encountered in obtaining core samples in

a chimney reg ion , the altered ch imney ma te ri al was s imula ted by compa~-

ing crushed tuff materials to app ropr iate dens iti es. The values chosen

for these dersities were those considered representative of chimney areas.

Tuff samples were broken up in a jaw crusher to particle sizes ranging

from 0.250 in. (0.64 cm) diameter to 0.0021 in. (U.S. standard 270 sieve)

diameter. Figure 1 shows the typical part icle size breakdown for the

crushed material used as a contro l sample. Sample moisture contents were

also determined pr ior to testing.

Table 1 contains a summary of the important sampl e properties . The

location of the core used is included along with the reconstituted test

sample density and moisture content. For reference , the density of the

virg in material (prior to crushing) is also included as is the percentage

of the ori g inal densit y ach ieve d in the com pac ti on process .

The test apparatus used in the hot gas flow tests is shown in a cross-

sectiona l drawing in Figure 2. The flow gas is dry-grade nitrogen . Gas

head pressure is maintained by a regulator and monitored by a pressure

transducer. The transducer (not shown in Figure 2) is placed as close as

possib le to the sample face, but at a location cool enough to avoid any

deleterious effects of the high temperatures . The gas passes through a

volumetric flow meter and then into the heating area . A 2 ,400 watt heat-

ing element capabl e of supp lying 1,000°F (538°C) gas at the samp le face

at flow rates up to 2 CFM (56.6 LPM) is used to heat the gas. Gas tempera —

ture is monitored by a thermocou ple located approximately 0.375 in. (0.1 cnl )
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Figure 1. Particle size distribution in crushed samples.

TABLE 1

Recons tituted Sample Physical Properties

Re co n c ti luteJ o~ u ’ p le

Mo isture

Test Virqin Tuf t  Densi ty *P re_crushed~ in te nt
No. 

— 

Material Sample Dimension Density qm /cc q m/cc Den s i t i

#1 U12n . I0 GSCH#1 90 .3 2 . 5  d i a .  x 5 .0’  L 1.87 1 5 6  83 18

#2 tJl2n. 1OA GSIC# 6 28’ 2 5 ’ di a. x 5.0” L 1.79 1 .58 88 17 .3

#3 U I2n .10 ONCH#1 2.5” dia. x 20’ 1 1. 91 1 , ’I 77 1/
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i n front of the sam p le face. The ceram i c baf fle section is desi gned to

shield the face of the sample and the flow temperature thermocouple from

any radiant heat transfer from the heating elements .

The sample is contained in an alumina ceramic tube selected for its

high s trength and low thermal con ductivity . At the sam p le face a sta in-

less steel w i re screen ma i nta i ns sam p le i ntegr i ty and also al lows sam p le

compaction in the ceramic tube. The sample tube exterior was insulated

w ith a ceramic fi ber insula t ion to minimize hea t transfer throu gh the

walls (not shown ). Sample length ranged from 1 to 23 inches (2.54 to

58.2 cm) with a diameter of 2.5 inches (6.35 cm).

Thermocou p les p laced throu gh the ceram i c cyli nder wall and embedd ed

at desire d locat i ons i n the sam p le were use d to monitor tempera ture ; both

radial and axial gradients were defined . The thermocou p le shea thi ng was

cemente d to the ceram i c tube to assure pressure seal . Ex i t temperature

of the flow was also moni tore d as it exhausted to atmos pheric oressure .

Ad ditional design features currently under consideration include

techniques for monitoring moisture movement within and out of the sample

as a function of time. The capability to introduce controlled amounts of

mo isture to the inlet flow is also being planned.
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TEST RESULTS

Thermal Flow Test #1

In this test a 2.5 inch (6.35 cm) diameter , 5.0 inch (12.70 cm) long

sample of crushed tuff( U12n.1QGSCHi~1 90.3’) was subjected to the 1000°F

(538°C) nitro gen gas flow. The compacted sample density was 1.56 çim/cm 3,

approximately 83 oercent of the virgin material density . A head pressure

of 3 psig (0.02 MPa) was established at the samp le face resul ti ng in an

initial flow rate of 1.02 CFM (29.0 LPM). Exhaust pressure was atmospheric.

Thermocou p les were placed within the sample at the locations shown

in Fi gure 3. All probes are located on the center axis of the sample. The

temperature profile is shown as a function of time in Figure 4. Figure 5

contains the corresponding flow history , also plotted as a function of time .

As can be seen from Figure 4, thermocou p le 2 , loca ted 0.375 inches

(0.95 cm) from the face of the sample , shows an almos t immed i ate tempera-

ture rise . The overshoot in the flow temperature (thermocouple 1) is also

reflec ted by the thermocouple at location 2. The thermocouples at loca-

tions 3, 4, and 5 show a general temperature increase to 122°F (50°C), bit

rema in constant at that valu e until the temperature at location 3 rises

shar ply at approximately 30 minutes after start-up. The exhaust flow

temperature shows the next increase occurring at approximately 62 minutes

after start -up.

Gas flow throu gh the sample at a constant head pressure shows a

general decrease in flow with time (Figure 5). Initial flow volumes

measured 1.02 CFM (29.0 LPM ) and decreased over the 100 minute duration

of the test to 0.61 CFM (17.0 LPM).
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Fiqure 5. Flow rate history , test 01.

Gas flow was term i nate d a t 100 m inutes w i th the sys tem not hav i ng

reached steady state. The sample exposed to the flow was removed and

tested for moisture content. No moisture was present in the post-test

samp le .

Therma l Flow Test #2

This test was conducted on a 2.5 inch (6.35 cm) diameter , 5 .0 inch

(12.70 cm) long sample of crushed tuff from U12n .1OA GSIS~6 28’. Com-

pacted densit y of thi s samp le was 1.58 gm/cm3, approximately 88 percent

of the vir qin material density. An ini tial head pressure of 4 psiq (0.03

MPa ) was placed at the front face of the sample resulting in a flow of

approxima tely 0.88 CFM (25.0 1PM). Exhaust pressure for this test was

atmospheric.
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Thermocou p les were p lace d wit h in the sam p le at the locations shown

in Figure 6. Thermocour)le probes 2, 4, 6, 8 and 10 were locate d at the

periphery of the ceramic tube . Probes 2 and 10 monitor the inlet and ex-

haust flow temperatures respectively. The probes located on the perimeter

are inserted 0.250 inches (0,64 cm) inside the ceramic tube.

Thermocou ple probes 1, 3, 5, 7 and 9 are locate d along the center of

the sam p le a t ax i al loca ti on ident ical to p robes 2, 4, 6, 8 and 10 , res-

pect ivel y. T hi s con figu ra ti on was chosen to determine t he extent of the

rad i al tempera ture gra di en t and to determine if a radi al gas flow gradient

exists.

Fig ure 7 con ta i ns the temperature profi le of the sam p le as a func ti on

of time . Probes 1 and 2 represent the gas flow temperature at the sample

face . Ini t ially probe 2 , loca ted on the periphery , showed a temperature

somewha t less than a t the cente r. Th is temperature difference is due to

the heat flow into the endcaps and ceramics and disappears after these

components hea t up to opera t ing temperatu re , approximately 25 minutes later.

Probes 3 and 4, both located 0.375 inches (0.95 cm) from the front of the

sample show the largest radial temperature gradient. The temperature

difference appears to be a result of an entrance effect of the gas flow

entering the sample. The area of probe 4 having a smaller flow volume

would experience less convective heat transfer. The area would heat slow-

ly by conduction. Future testing will include alterations of the entrance

endcaps to veri fy that this is a localized entrance effect.

Probes 5 and 6 were located at the sample midpoint. Probe 5 was

placed on the sample axis and probe 6 was located on the perimeter of

the sample. The temperature at probe 6 rises somewhat earlier with the
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probe 5 temperature eventua lly equalizing and surpassing it. A tempera-

ture gradient of approximately 144°F (80°C) exists between these two

probes for most of the test dura tion .

The gas flow at the sample exit shows a temperature gradient is pre-

sent. The fl ow on the perimeter (probes 8 and 10) rises quicker than the

corresponding center axis (probes 7 and 9). The temperature just inside

the sample end eventually stabilized with the center probe (~7) approxi-

matel y 45°F (25°C) higher than the perimeter probe (8). A smaller gra-

di ent exists in the exhaust flow . At terminat i on , t h i s  gra di en t measure d

22°F (12°C).

The fl ow history for this test is contained in Figure 8. The initial

flow rate was 0.88 CFM (25.0 LPM). The flow rate showed a general decline

until approximately 35 minutes from start-up. Flow began increasing to

T’ I I I ~MA , TES ’ SAM Pl E ~~ , F I ( ’ .S ~~~~

3°H
Li

~~~~~25~~~~

~ L

I5~~~~
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5 —

___________ - - I J , a-...~L.,_ I I I I
0 20 30 40 50 60 70 80 90 00
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Figure 8. Flow rate history , test #2.
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1.06 CFM (30.0 1PM) flow at 66 minutes from start-up. This value was

approaching the upper limit of the fl owmeter and required a reduction

in head pressure for continued flow measurement. Head pressure was 
-
‘

l owered from 4 psig to 3 psiq for the remainder of the test.

The flow was stopped after 120 minutes . After cooling , the sam p le

was removed and the moisture content measured . No moisture was present.

The post test sample was then compared to a control sample in a sieve

anal ysis. There does not appear to be any differences in particle size

that canno t be attributed to population sampling scatter in the sieve

analysis.

Thermal Flow Test ~3

In this test a much longer samp le was tested than either two of the

previous tests. A 2.5 inch (6.35 cm) diameter , 20 inch (50.8 cm) long

samp le , composed of U12n.10 DNCH#1 material , was compacted from crushed

tuff . Compacted dens i ty was 1.51 gm/cm3 , approximately 77 percent of

virgin material density . The sample contained 17 percent moisture by

wet weight at the time of testing. A pressure head of 8 psig (0.06 MPa)

was established at the face of the sample and resulted in a 0.60 CFM (17.0

1PM) initial flow . Exhaust pressure was atmospheric.

The thermocouple probe configuration for this test is shown in Figure

9. Probes 1, 2, 4, 6, 8, 9 and 10 are located along the central axis.

Probe 3 monitors the temperature profile of the tuff at a position axially

equivalent to probe 4 but is placed on the perimeter of the sample. Probes

5 and 7 are embedded in the ceramic cylinder wall and are at the same axial

location as probes 4 and 6, respectively .
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The temperature profile for this test is shown in Figure 10. The

tem perature a t pro be 2, located at a distance of 0.375” (0.95 cm) from

the sam p le  f ront  face , rises very quickly and approaches the input gas

temperature . Probes 3, ‘1 and 5 are located in the same plane normal to

the gas flow. Probes 3 and 5 rise together. Probe 4 (sample center),

responds somewhat slower initially. The radial temperature gradient in

this plane for the majority of the test is approximately 36°F (20°C).

Probes 6 an d 7 , are locate d in the same p lane normal to the flow and

show sim ilar temperature histories. The wall probe . 7, rises somewhat

quicker than probe 6 at first. At test termination , however , a sma l l e r

radial gradient exists with probe 6 at the center , 18°F (10°C) hotter

than the wall p robe , 7.
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Figure 10. Therma l flow history , test °3.

The flow hi story for this test is contained in Figure 11. The 8 psig

(0.06 MPa) head pressure created an initial 0.56 CFM (16.0 1PM ) flow follow-

ed by a dec rease durin g the first 40 minu tes an d th en a ra pid i nc rease . To

avo id exceeding the range of the flowmeter the heat pressure was dropped to

4 psig where it remained for the duration of the test.

The test was term inated at 850 minut es (14 hours); the sample was

remove d and coole d . Anal ysis of the post test sample showed there was

no change in grain size distribu tion. The sample appeared dry although no

moisture measurement was obtained.
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Figure 11 . Flow rate history , test #3.
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DISCUSSION OF THE FLOW RATE HISTORY RESULTS

In each of the three flow tests , the gas flow rate varied continuously

throughout the test. In flow test #1 (Figure 5) the flow rate showed a

continuous decline. Flow test #2 (Figure 8) experienced first decline

of flow ra te , followe d by a very pronounce d increase to a flow rate higher

than the original. A l eveling trend followed showing a slight declining

trend at test conclusion . A similar flow history was measured for flow

test °3 (Figure 11).

Each of these flow histories can be ex p lained in terms of the li near

gas flow equation 1 :

(0.00296) T A K (P 1
2 

- P2
2)

~sc 
= P T  7 1 where ; (1)

~sc = flow rate at standar d con d it ions , l i t e r /minu te

= stan dard temperature , °K

= stan dar d p ressure , MPa

Tm = mean temperature of the sample , °K

ups tream and downstream pressures , MPa

A = cross-sectional area of the sample , cm2

Z = non-ideal gas behavior factor , dimensionless

u = viscosity of the flowing gas , centipoise

K = permeabil i ty of the sam p le , darc y

L = length , cm

2 .8
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The gas flow rate as ex pressed by thi s equat ion i s governed by three

time dependent variables : (1) mean temperature of the sample , Tm ’ (2)

v i scos i ty of the flow ing gas , ~~, 
and (3) permeability of the sarnole , K. The

whole phenomenon of the flow rate variation can be conce ptually ideal ize d

as shown i n Fi gure 12 . In this fi gure the quali tative as pects of permeab i lity

and flow ra te var i a ti on can be exam i ned . The behav i or can be su bdi v id ed

in to four  major periods as in di ca ted on the f i gure .

Period I: The flow rate remains initially constant for the first

severa l minutes after startup. Both temperature and viscosity changes are

smal l  and there fore do not ser iousl y affect the flow rate . Permea bi lity

changes dur ing t h is perio d are also very small al though i ncreas i ng sli ghtly.

The sample shows an overall permeability very close to its pre-heated value.

Period II : During this period permeability increases slightly. The

rapid increase of the mean temperature (Tm ) and the subsequent increase in

gas v i scos ity ((3 ) dominate  th is period . Th ese two terms a re in the de-

nomi nator of equa ti on 1 and there fore result in an overall decline i n gas

flow rate ,

Period III : It is in this period that the major drying of the sample

occurs and the permeability (K) to gas increases very rapidly overshadow-

in g the smaller increases in mean temperature (Tm) and gas viscosity ( ) .

When bo i ling occurs i n the sam p le , f l u i d movement i s com p l i c a ted by the

presence of multiple phases. The crushed rock is more permeable to steam

or dry gas than to steam-water mixture or water alone. This trend is

illus trated by the curves of Botset2 for the flow of liquid-gas mixtures

throu gh unconsolidated sand (Figure 13). As the vapor fraction increases

2d 9
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Fi gure 12. Idealized perm eability and flow rate history .
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Fi gure 13. Relative permeability to gas and water.
Unconsol idated sand (after Botset2).
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with boiling , the permeability to the water phase decreased rapidly. For

i ns tance , at a saturation of 40 percent the permeability to gas is 10-15

times that of water. It is the permeabil ity increase that dominates the

fl ow in th i s per i od accoun t i n g for the s ha rp i ncr eases i n flow r a te .

Period IV: This period represents the completion of the sample

drying. The sample permeability now remains constant. At this point

a slightly decreasing flow rate is anticipated due to the continued in-

crease of mean temperature and viscosity .

Figures 14 , 15 and 16 contain plots of gas flow rate and permeability

as functions of time . The periods discussed previously are designated

where appropriate.

Flow tes t ~1 exhibits both periods I and II as shown . Periods III

and IV are not demonstrated by this test orincipa lly due to the short

duration . This sample also had the highest recompaction density of all three

samples. This could have resulted in extensive blockage of pore space

and delayed the increase in permeability expected in period III.

Flow test °2 contains four very well defined periods. Period I

lasts approximately 1.5 minutes before the beginning of the flow rate

decline. This decreasing flow rate is characteri stic of period II. At

approximately 33 minutes from start-up period I I I  begins and conti nues

until approximately 80 minutes. A distinct period IV follows . At loca-

tion A shown on Ficiure 15 the differential pressure had to be reduced so

as not to exceed the range of the flowmeter. The apparent decrease in

flow ra te from A to B s houl d not be con fuse d as a tren d -- it is an i n-

stantaneous decrease. rnstead of the apparent curve connecting points

ABC , visualiz ing the path AB ’ BC more clearly defines the true behavior.
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Figure 14. Permeability and flow rate history , test ~1.
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Figure 15. Permeability and fl ow rate history , test #2.
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On test #3 , Fi gure 16, periods I , II, and III are quite wel l defined .

Because of the lar ge sample size the test duration of 800 minute s did not

allow for a distinct period IV . A similar effect of the differential

pressure reduction is seen in this figure at points A , B and B ’. Between

locations X and V as designated on the figure a flow anomaly occurs which

i s not presentl y understoo d.

The flow histories for all three tests although somewhat varied are

governed by the linear gas flow equation. Discrepancies in flow behavior

can be li nked to test duration or to samp le material peculiar i ties .

~ f THERMAL TEST SA MPL~~~
7

20 4~~,/ ,.,.- PE RI OD I

o PERIOD U —~~~500 A

400

300 —

200

0 00 200 300 4 00 500 600 700 800

TIME (mlii.)

Figure 16. Pemeability and flow rate history , test #3.
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SUMMARY

The three hot gas flow tests conducted to date represent the initial

phase of this test program . The design approach was verifi ed , in  tha t

the therma l and f low sta tes re quired were achieve d. Re fi nements i n the

apparatus to further minimize the extent of the radial gradients and to

elim i na te the nee d of chan gi ng f low hea d p ressure to accomo da te the flow

measurement can now be initiated.

From this point , further ex perimental effor ts can be dir ec ted towa rd

better s i m u l a t ion of ac tu a l •
‘ ‘ ;

~ conditions , including moisture intro-

duction into the inlet flow. Consideration should also be given to the

effect of moisture movements within the sample and the resulting changes

in flow rate and permeability . The effect of compaction density variation

should also be investigated to more clearly relate this laboratory work to

the field conditions.
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INTRODUCTION

To attain maximum utilization of facilitie s , it is desira ble to site

nuclear tests closer than p revious practice . For this reason , it is

important to characterize the “ rubble zone ” which exis ts in the “ch imney ”

regions of previous events. The “ rubble zone ” i s a hi ghl y broken reg i on

of ma terial which is a result of cavity growth followed by cavity collapse

an d su bse quent p lunge downwa rd of a si gnifican t volume of mater i al .
Field measurements have revealed some material properties (densities

and permeabi lities) of chimney tuffs ; laboratory testing was needed to

more comp letely character i ze the material . S i nce “ ch imney” region cores

are d i ff i cu l t  to ob ta i n , “chimney l ike ” samples were prepared from reconi-

pacted , crushed an d/or pulverized tuff. Two sample tyoes were tested ,

one composed of pulverized (-0.006 inch inch particle size , i.e. 100

mesh) and one composed of crushed (<0.25 inch particle size) tuff , bo th re-

compacte d to a dens i ty cons i dered rep resen tative of the ~~~ ch imney ma-

terial (i.e. about 95 percent of intact cores , “as-rece ived” density).

These samples were hydrostati cally compressed to 1000 psi (simulated over-

burden stress) and tested in triaxi al compres sion. Densities were typi-

cally 97 to 99 percent of the “as—rece ived” density of intact cores at

the en d of th i s hydrosta ti c com p ress i on .

Permeability tests conducted on the reconstituted tuffs prior to

further mechan ical tests were use d to des ign and evalua te the ch imney

ma ter ia l  hea t transfer  phenomena 1 .

1. Enniss , 0. 0., Butters , S. W., “High Temperature Gas Flow Tests on Re-
constitu ted luff ,” Terra Tek Report TR 77-48, June 1977 .
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SAMPLE PREPARATION

Virg i n — V i rg in sam p les were prepared i n the stan dard manner by saw

cuttin g the core samples (already -2 inch diameter) to a 2.5 inch length;

care was taken to reta in the :~: :~tu moisture content. An 18 mil thick

polyu rethane jacket was wrapped around the sample and steel endcaps bonded

on each end. The sample was then sealed by attaching the jacket to the

endca ps with rubber ta pe an d lock w i re .

Crushe d (particle size less than 0.25 inches ) - Crushed tuff samples

were obtained by placing virgin tuff in a jaw crusher. After crushing,

the tuff was poured into a 2 inch diameter polyurethane jacket affixed to

a steel endcap on the bottom and supported laterally by a cylindrical mold.

The material was compressed (to about 5000 psi) in 1/2 inch thick l ayers

un t i l the desi red len gt h an d , therefo re , density (i.e. -95 of the virgin

material as-received density ) was obtained. The upper endcaps were then

emp lace d an d the sam p le  was seale d , ready for triaxial testing.

Permeability samples were prepared by pouring crushed tuff into an

alum inum ring and compacting it to the desired density . 0-ring sealed

steel endcaps were emplaced and the assembly was inserted into a small

loa d frame for testing.

Pulver ized (particle size -0.006 inches) — Pulverized tuff samples

were obtained by crushing and pulverizing virgin tuff. Construction of

the sample followed the same procedure as described for the crushed tuff.

In each case , care was taken to insure moisture content was the same as

that of the vir gi n tuff.
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TEST RESULTS

Triaxial compression test results are shown as stress-strain curves

for two different core samples (A and B) composed of virgin , crushed and

pulverized tuff -- Figures 1 and 2. Table 1 lists the respective rigidity

modulus and shear strength for each sample type. Figures 3 and 4 show the

same data plotted in graphic form. Permeability test results are shown in

Figure 5 on a semi-log plot as reconstituted density vers is permeability.

TABLE 1

Ridigity Modulus and Shear Strength for UEI2e.1 -980’ Vir nin ,
Crushe d, and Pulver i ze d Tu ff

Density (qm/cc) Ridigity Modulus(KB ) Shear Strenqth(Bars)
Sam p le Type p G 

- —__
*T

Virgin 1.96 40 85

Crushed A 1.90 18 55

Pulver ized 1.91 13 45

Virgin 1.82 20 83

Crushed B 1.80 17 60

Pulverized 1 .80 8 40

*1 = (
~ 

— IT 3 )  I-,
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UE I2e I~~98O . = 1000 psi
A

T ~ I I t , . 44 S ~~. \ .1 I.~L I .,,

Figure 1. Triaxial compression tests -- stress difference
versus ax ial and transverse strains.

UEI2~ I~-9 8O
’ 

03 = 1000 psi
B

i-S ’~v E R ’ f , Ii , .  % S T R A I N  A X I A L ,  (~~ , %

Figure 2. Triaxial compression tests -- stress difference
versus axial and transverse strains .

261

-
t - “a -—- ~~~~~~~~~~~~~



a- , aa-a- a-~~~~~~~~~~~ ‘ a--

85-
• U E I2 e . I

— 980’
CE 

~5

(.4
65 -

I—
L)

U

Ui

~~~
5 5 _  .

I/I

~~~45 -

U
(n

35 -

I I I
V IRGIN CR USHED PULVE RIZED

SAMPLE TYPE
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Figure 4. Rig idity modulus of vir gi n, crush ed and pulv erized
UE12e.1 -980’ core samples .

( 262

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~ - a’ - a- ‘ ‘ -‘

2.0 - ~~ VIRGlN lUFF UE 12e. I

- — 980’
.9 -

U~
)

2
Ui
0 1.0 -

0 — I
Ui 17 - N
I-a- S

(/-)
2
o 1.5 -
0
Li

I I I I
I0~~ IO~~ I0~~ IO~~ 10 2 I0~ I 10

PERMEABILITY (DARCIES)

Figure 5. Permea bi lities of UE12e.1 -980 ’ reconst it ute d sam p les of
vary ing densities.

263

La a ,.. a - a -  , -- a - -~~ ‘ --‘- ‘ , a- -a— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ 4 . -~
_

~~~~_’--



_____________ a -a-a-- “ ~~~~~~ ‘ - --

DISCUSSION AND CONCLUSIONS

Test results show tha t both shear strength and rigidity modulus de-

crease as the particle size decreases. Crushed samples exhibited a 20-

30 percen t decrease in rigid ity modulus and shea r strength while pulver-

ized samples showed a 50 percent decrease. Also , as particle size de-

crease d , the samples exhibited a more ductile type behavior (see Figures

1 and 2).

The above described decreases in the modu li and strength and increases

in the porosity (and air void content) have been utilized in containment

calcula tions which have shown that they wil l  not be detrim ental to conta i n-

ment. Additionally, the increases in porosity and permeability may even

make the “ch imney” acce ptable as a “dump ” to release cavity pressures .

This work was success ful in p roducing da ta use ful i n pred ic ting

general chimney behavior. Further tests will be helpful with the in-

creas in g role of the “ch imney” in future nuclear e v e n t s  and as rore in-

formation is gathered about the ‘
~~~: .

- -
~~ 

- 

~ chimney properties.
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STANFORD RESEARCH INSTITUTE GROUT

Ma ter ial Pro per ti es of Stan for d Research Ins titute Grout

Mater i al Pro pert i es of SRI Rock Match i ng Grou t and Modifi ed Gran it e S imulan t
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TR 76-41
July 1976
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INTRODUCTION

Samples of rock matching grout (RMG 2C3) prepared by Stanford Re-

search Inst itute (SRI) were tested for physical and mechanical properties.

The grout is being used by SRI in a containment experiment in which a small

explosive devise is detonated inside a grout sphere1. Grout properties

were needed for calcul ation purposes. Two separate grout batches were

charac terized on days corresponding to the SRI tests (7 and 14 July 1976).

1. Florence , A. L., “Laboratory Investigation of Stenining and Contain-
ment in Underground Nuclear Tests ,” Final Report DNA 4149F , Oc tober
1976 .
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TEST RESULTS

The physical properties and the measured longitudinal and shear wave

velocities are listed in Table 1. The test number correspon ds to the

date that the sample arrived at Terra Tek. The triaxial compression tests

were conduc ted at 0.5 and 4.0 kbars confining pressure . The results are

plotted as stress difference versus the individual strains in Figure 1.

The uniaxial strain test results are plotted as mean normal stress

versus percent volume change in Figure 2a and stress difference versus

confining pressure in Figure 2b.
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TABLE 1

Phys i cal Pro perties , Uniax i al Stra in  Measure d Permanen t
Compac tion and Ul trasonic Veloci t i es

TEST DRILL HOLE DENSITY (gin/cc) WATER POROSITY SAT).IRATION CALC MEAS VELOCITY

NO ~~)OTAGE 
BY WET AIR PERMANENT (HI Sc)

AS’ WEIGHT VOIDS COMP,

— 

R~~~ IVED DRY GRAIN LONG SHEAR

07017 SRi 5MG 2.15 1 .7R 2, s~ i~ 5 ,’ 3.? 1 , 3 0557 5735
2C3

~‘‘3~~6 SR I RM O 2, 14 1, 73 3 , 32 19 43 QI 1!~ 1 , 5 137 17  5914

__________________ I ____________ ______________ _______________ _______________ _______________ _______________ _____________ ______________

~~~~; ~~- :3 
‘ 

C C M ~~~~~~~~~
-’ : \

- ,, a3 . 
~ S o 1 3 . T R S

,
I ‘a- 2 .‘

~ • 4 , ,~ - B A R S

I 
- 

- 

-

-~~ O?~~~~/

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 5 O~~~~ I~0 I~5
T R A N S V E R S E  A X I A L

S T R A I N . 1.

Fi gure 1. Tr i axial com p ress ion tes t -- stress difference versus
ind ividual s trains .
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Figure 2a. Uniaxial strain test -— mean norma l s tress versus
volume change.
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Figure 2b. Uniax ial strain test -- stress difference versus
con fi ni ng pressure .
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DISCUSSION

Test results show the two grout batches to be similar in both physi-

cal and mechanical properties. Mechanical response appears to be consis-

tent with other SRI rock matching grouts tested by Terra Tek2. Gra i n

densities and percent moisture , however , are somewhat l ower.

Material response to un iaxial strain shows the typical initial elastic

response followe d by pore collaps e and stiffening. Pore collapse appears

to be complete at about 0.7 kbars mean normal stress. The uniaxial strain

stress-stress response is in reasonable agreement with the triaxial com-

pression shear strength observed at both 0.5 and 4.0 kbars conf i n i ng pres-

sure (Figure 2b).

2. Butters , S. W., Nielsen , R. R ., Jones , A. H., Green , S. J., “Mechanical
and Physical Properties of Nevada Test Site Tuffs and Grouts from Ex-
ploratory Dril l Holes ,” Terra Tek Report TR 73-69, December 1973.
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~•1ATER IAL PROPERTIES OF SRI ROCK MATCH ING GROUT AND MODIFIED
GRANITE SIMULANT
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August 16, 1977

Dr . Alexander Florence
Stanford Research Institute
333 Ravenswood Ave.
Menlo Park , CA 94025

Dear Alex:

As per your request , we have determ i ned selecte d mater ial pro per ties
on the Modified Granite Simulant “tube 3A ” that you supplied . Mechanical
tests included triaxial comoression and un iaxial strain tests to 0.5 kbars
confining pressure . Tests were conducted on 4 August 1977 in accordance
w i th your request . The tr iaxial com pression test resul ts are shown in
Fi gure 1 as stress difference versus individual strains. Uniaxial strain
test results are shown in Figures 2 and 3. Physical properties and ultra-
sonic wave veloc ities were also measured and are listed in Table I.

The stress difference was 1.62 kbars at failure during triaxial com-
pression . Maximum stress difference in uniax ial strain was 1.1 kbars w i t h
a result ing measured permanent compaction of 0.5 percent. Physical pro-
perty measurements indicate the sample to be somewhat under saturated w i t h
3.5 percent air voids. The discrepancy between the measured permanent
compaction and the percent air voids was investigated by rerunning the
physical property tests only to produce the same results . Apparently the
0.5 kbar uniax ial strain tes t di d not colla pse all the air vo ids .

Sincerely,

~~>‘~~~‘ ‘ — a -t. ’~~ ~C L

D. S. Gar d iner
Research Engineer

DSG/ jlg

Enclosures

cc: J. W. LaComb
C . Keller
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TABLE I

Stanford Research Institute Modif ied Granite Simulant

SAMPL E DENSITY (gm/cc) WATER POROSITY SATUR&TION CALC. MEAS. VELOCITY
DESIGNATIOII4 BY WET AIR PERMANEjICT ( km/sec)

AS W EIGHT VOIDS COM P
~~EIVED DRY GRAIN 

~~ 
LONG SHEAR

3A 2.42 2.27 2.80 6. 3 18.8 81.6 3 .5  0. 5 4.82 2 .75
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Figure 1. Triaxial compression test--stress difference
versus individual strains.
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Figure 2. Uniaxial strain test--mean normal stress
versus volume chan ge.
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versus confining pressure.~~ Figure 3. Uniaxial strain test-—stress difference
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Teri~cxTek

July 8, 1977

Dr. Alexander Florence
Stanford Research Institute
333 Ravenwood Ave .
Menlo Park , CA 94025

Dear A lex:

As per your request , we have conducted material property testing on
the samples of rock matching grout (RMG 2C4) that you suppl ied. Physical
property and ultrasonic wave velocity measurements were conducted on
samples from batches 1A , 2A , and 3A to verify batch consistency . Mechanical
property tests were conducted on batches 1A and 3A. Mechanical tests in-
cluded triaxial compression and uniaxia l strain tests to 0.5 kbars confin-
ing pressure. Tests were conducted on 1 July 1977 to coincide with your
test date.

Triaxial test results are shown in Figure 1 as stress difference
versus individual strains. Uniaxial strain test results are shown in
Figures 2 and 3. Tabl e I lists the physical propertiL.~ and ultrasonic
wave velocities.

Test results show that both mechanical and physical properties are
similar to the rock matching grout (RMG 2C3) previously tested1. Maximum
stress difference at 0.5 kbar confining pressure is 0.32 kbars for the
triaxial compression test which is in good agreement with the stress dif-
ference during the uniaxial strain test. Permanent volume strain result-
ing from the uniaxial strain test is 0.7 percent by volume .

Physical property measurements show the grout batches to be totally
saturated with similar densities and porosities .

Sincerel y,

D. S. Gardiner
Project Engineer

DSG/jlg

I. TR 76-41, “Mater ial Propert i es of Stanford Ins titute Grou t, July 1976.
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TABLE I

Stanford Research Institute Rock Matching Grout

S A M P L E  DENSITY (gm/cc) WATER POROSITY SATURATION CALC , MEAS. VELOCITY

D E S I GNAT ION BY WET AIR PERMANENT I Km/sec)
AS WEIGHT VOIDS COMP.

RE~~IVE0 DRY GRAIN (%) LONG SHEAR

G - 1A 1. 1 5  1.~~b 2.90 I~ .1 3 1 , 4 98.9 0.5 - a - -  3.30 1.82

1j~ -1A 1.!5 1.~~ 2.~~ i S . e  39. 2 100.0 0 —- - 3.23 1.11 1

: .i - IA 1.18 1. 7~ 2.88 17 . 7  37 . ’ 100 .0 0 a- — -  3.28 1.82

S R I -  RMG
2 cA * 3A 

,~j °-~~ 03 = 0.5 kbars

O~5 OK TI II 2~~~~~~~~~

TR AN SVERSE , E T.% STRA IN A X IAL . Ea .%

~~ Figure 1. Triaxia l compression test--stress difference
versus individual strains.
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Figure 2. Uniaxial strain test--mean normal stress versus volume change.
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- ‘ Figure 3. Uniaxial strain test--stress difference versus confining pressure.
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